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“THERMAL BOND” 


EXCLUSIVE TUNG-SOL CONSTRUCTION 


MEANS NEW STANDARDS OF TRANSISTOR 
PERFORMANCE IN COMPUTER APPLICATIONS 


DOUBLE ANCHORED 
JUNCTION TAB 


STRESS-RELIEVED 
COLLECTOR CONNECTOR 


EXCLUSIVE TUNG-SOL 
“THERMAL BOND” 


With “Thermal Bond”, the transistor 
Junction tab Is securely joined to 

the base plate of the transistor. The 
bonding material provides compiete 
electrical insulation, while increasing 
heat dissipation. 


From Tung-Sol, originator of the Cold Weld Seal, comes a 
new design approach to greater mechanical reliability in 
computer switch transistors. 

9N1313 (TS1000) is a PNP germanium alloy junction 
transistor which is designed for use in high current, high 
speed switching applications. This new transistor provides 
an ideal balance of the most wanted characteristics as re- 
vealed by survey of computer designers. 


BESS 


MAXIMUM RATINGS TYPICAL CHARACTERISTICS (25°C) 


—30V fab 12 Mc 
° —20V Cob 12 wut 
BVcex (Vee=0.1V) —20V hee (ig = mA) 60 
BVcEO —12V hee (lic=400mA) 40 
Ic (continuous) 400mA (te-+tg) (rise 
Ic (peak) 1OA plus delay) 
Tj —65°c to t, (storage) 
+85°c t¢ (fall) 
Pc 175mW Thermal 
Resistance 
Icso @ —12V 
25°C 2.5 BA 
65°C 25 MA 


0.45 usec 
0.30 usec 
0.20 usec 


0.350° C/mW 


STRESS-RELIEVED 
EMITTER CONNECTOR 


MATED SEAL 
HEADER 


TO-5 INDEX TAB 


. Withstands 20,000 G centrifuge. 
. Exceeds all MIL environmental specs—shock—vibration 


—salt spray—centrifuge—moisture resistance, etc. 


. Excellent current gain linearity (low beta fall-off). 
. Thermal resistance moe, is lowest for electrically in- 


sulated devices (.350° C/mW, typical). 


. Sensibly priced. 


RELATIVE CURRENT GAIN 


Immediate availability 
Certainly, more information is available. Write: 
Tung-Sol Electric Inc., Newark 4, New Jersey 


2NI313 BETA FALL-OFF CHARACTERISTIC 





50 200 250 300 350 
COLLECTOR CURRENT (mA) 


%) TUNG-SOL 
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Extra small, single row 
ball bearings with 
shields are capable of 
resisting combined radial 
and thrust loads. They 
offer accurate position- 
ing of small shafts 
requiring bearing bore 
diameters from 4 to 9mm. 


Photo: Courtesy Westinghouse Electric Corp. 


Vocuum Cleaner Moror Montvfocrurer 
Curs Unit Cost 21° With SXix» Bearing Design! 


CUSTOMER PROBLEM: 


Cut vacuum cleaner motor production costs, 
yet maintain present high efficiency. 


SOLUTION: 


N/D Sales Engineer suggested design modifi- 
: cation using smaller ball bearings . . . New 
Departure high volume prelubricated, shielded 
bearings. Extensive testing in New Departure’s 
laboratories proved that these smaller pre- 
cision bearings, along with maintaining high 


efficiency, improved 2 and provided 
quiet motor operation. The bearings accounted 
for a 21c per motor savings in vital part costs. 
What’s more, they gave accurate, long life 
positioning of rotor shaft under all load 
conditions and mounting positions. 


When it’s’a question of maintenance-free high 
volume ball bearings for electric motors . . . and 
perhaps a cut in production cost, contact New 
Departure. For more information, write 
Department L-9. 


Replacement ball bearings available through United Motors System and its Independent Bearing Distributors 


DIVISION OF GENERAL/MOTORS, BRISTOL, CONN. 


NOTHING AOLLSE 4/AE A BALL 
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The BODINE line — 


a complete line of fractional hp motors 
More than 3500 standard built-to-order motors 


...for blowers, pumps, coin-handling 
units, communication equipment, 
therapeutic devices, sound-recording 
and reproducing equipment, machine 
tools, and similar applications 


BODINE TYPE N MOTORS 


These motors are available in three basic 
sizes... the smallest 33/g” in diameter... 
the largest 51/2”. Almost any type wind- 
ing. Standard ratings from 1/150 to 1/6 
hp at 1725 rpm 


Write for bulletin ‘’S” 


...for instruments, timing devices, 
control apparatus, and related 
equipment 

BODINE TYPE K-2 MOTORS 


Available with and without speed re- 
ducers. Model without reducer ideal for 
equipment requiring relatively low out- 
put. Overall height only 23/g”. Instantly 
reversible. Can be stalled indefinitely. 
Synchronous of non-synchronous. Nor- 
mal 60-cycle output ranges from 1/2000 
to 1/500 hp on continvous duty. 

Models with parallel shaft speed re- 
ducer have high starting torque of not 
less than 150% of full load torque at 
room temperature. Quickly reversible 
under load. Synchronous or non-syn- 
chronous. Drive shaft speeds range from 
300 to 0.7 rpm...torque ratings from 
1.3 in. oz. to 120 in. oz 


Write for bulletin 1024A 
...for speed reducer 
models, bulletin 1023B 


...for use in office machines, auto- 
matic phonographs, circulating 
pumps, air conditioning equipment, 
and similar applications 


BODINE TYPE U MOTORS 


U" type motors are available in 1/20 
and 1/15 hp at 1725 rpm...and in 1/30 
hp at 1125 rpm. Diameter 43/g”. Split- 
phase construction. Resilient mounting for 
quiet operation. Thermal overload pro- 
tection. 


Write for bulletin 1028 


295 different stock types and sizes ready for fast shipment! 


BODINE ELECTRIC CO., 2506 W. BRADLEY PLACE, CHICAGO 18 


yi BODINE 


Mi era url / 
/ horsepower 


si 
=—% MOTORS 


...the power behind the leading products 


BODINE SPEED REDUCER 

MOTORS 

...combines motor and speed reducer in one 
unit, eliminating all cumbersome and 
complicated speed reducer transmissions such as 
belts, gears, and chains 


...single or double 
reduction speed reducers 
for transmitting low 
torques over a wide range 
of speeds. Height, 35/e”. 
...double worm-gear 
reducer to deliver 
moderate torques at low 
speeds. Height, 43/,”. 
...single reduction, right 
angle worm gear reducer to 
deliver moderate torques 
Height, 47/,”. 


..double worm-gear 
reducer for transmitting 
high torques at low 
speeds. Height, 67/,”. 
me 
>. 


...single reduction, right 
angle worm gear reducers 
for transmitting substantial 
torques. Height, 6%” 


...heavy duty reducer for 

continuous driving of 

heavy loads. Ample reserve 

for overloads. Height 77/,”. 

Eight different windings ls 
Write for bulletin 10228 | & 
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General Electric 


G-E Vac-u-Sel Rectifier 

with Improved Cup Washer Design 
lowers contact resistance, increases 
surge ratings. 


Standard Stud-Mounted Vac-u-Sel Rectifiers Tube-Mounted Vac-u-Sel Rectifiers 


ELECTRICAL MANUFACTURING 





Oil-immersed Vac-u-Sel Rectifiers 
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Selenium Rectifiers 


Unique Vac-u-Sel’* process provides 
uniform precision performance 


VAC-U-SEL PROCESS. The Vac-u-Sel Rectifier is pro- 
duced by a unique spherical evaporation process 
pioneered in the United States by General Electric. 
It consists of evaporating selenium onto a specially 
prepared back plate of aluminum within a controlled 
vacuum atmosphere. 

Spherical vacuum evaporation makes it possible to 
control closely the thickness of selenium layers and 
further purifies the selenium. Better crystal orientation 
is obtained, as well as greater uniformity of all cells. 
The result is longer life—even at operating ambients as 
high as 130°C and higher-than-normal rated currents. 
IMPROVED CUP WASHER DESIGN. This new im- 
proved current collector ring and spacer is now avail- 
able with all larger size cells from three inches 
diameter and up. It greatly improves performance in 
stacks using these higher current cells: 

1. Lower operating temperature by collecting the cur- 
rent from the surface of the cell away from the 
stud. 

2. Lower forward drop by reducing contact resistance 
with broad area contact. 

3. Increased surge ratings due to better current col- 
lection. 


WIDE RANGE OF CELL SIZES AND VOLTAGE 
RATINGS. You can select the cell that will meet your 
requirements best from ten different sizes from the 
tiniest 5/32” diameter miniature cell to the largest 
5x6” plate. Sizes up to 2” square are available in 


Embedded Vac-u-Sel Rectifiers 


voltage ratings from 18 to 45 volts RMS. The larger 
plates with the new improved cup washer are available 
in ratings from 18 to 36 volts. 


STACKS DESIGNED TO YOUR EXACT SPECIFICA- 
TIONS. The cells you need for your circuit can be 
mounted in a special stack to meet your most exacting 
requirements at no extra cost. Stud, tube and eyelet 
mountings are available. 


FINISHES FOR TOUGH ENVIRONMENTAL USES. 
Vac-u-Sel Rectifier Stacks are supplied in three basic 
finishes: standard commercial, heavy duty and mili- 
tary. In addition oil immersed or embedded stacks are 
available for special environmental conditions. 


Predictable life means lower cost 


Vac-u-Sel Rectifiers last up to 60,000 hours or more, 
but where shorter life will suflice, a smaller, less ex- 
pensive stack can be supplied. Because the Vac-u-Sel 
process produces a precision product, output and life 
characteristics can be accurately predicted. This means 
your exact life needs can be met at lower cost. 

Write for free booklet ECG-344, Designing with G-E 
Vac-u-Sel Component Rectifiers, General Electric Com- 
pany, Semiconductor Products Dept., Section 52099, 
Electronics Park, Syracuse, New York. For other in- 
formation on industry’s most complete line of selenium 
rectifiers, contact your G-E Semiconductor Product 
Sales Office. 

*Reg. Trade-mark of General Electric Company 


Typical Miniature Vac-u-Sel 
Rectifiers 


GENERAL @@ ELECTRIC 
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in This issue 


Design Considerations Your Classification: 


Packaging, Electronic 
Thermal Design Factors 


Engineered Cooling Cuts 


Equipment Bulk 


Judicious use ol prope rly designed heat exchangers can 
hoost equipment efficiency and permit more compact designs. 
In addition, skillful extraction of heat or its addition where 
needed can permit component placement and general lati 
tude in overall design that would be impossible without 
idequate provision for heat flow. Basic methods of heat 
exchanger design are presented, with examples 


Allan D. Kraus Sperry Gyroscope Co., Div. Sperry Rand 


Corp.. (,reat Neck, N ) 


Electrical Manufacturing 1959 September p 94 9 pp 


Components, Electrical Electronic Your Classification: 


Magnetic Components 


* 
Joint Factors in Stacked 
Magnetic-Core Design 


Magnetic design and material application for stacked cores 
as used in E-I transformers are greatly facilitated by 
separating inherent materials properties from the effects of 
core joints and other mechanical aspects. A’ method for 
oing this is outlined, supported by illustrative test data. 


D. M. Douglas, Armeo Steel Corp., Middletown, Ohio 


Electrical Manufacturing 1959 September p 117 7'2 pp 


Control Your Classification: 
Theory 


Automatic Control System Design—6 
Design by Root-Locus 


The root-locus technique of servo design is developed) from 
the basie characteristic equation. The meaning and sig 
nificance of the various features of a root-locus plot) and 
how it is used to determine system. stability are discussed 
ind illustrated by exampl 


Ira Ritow, Airborne Instruments Laboratory, Melville, N.Y. 


1959 September p 153 19 pp 
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Control Your Classification: 
Systems and Servos 


Regulation of Airborne 
Rotating Inverters 


Design, development and testing of a voltage- and frequency- 
regulating system for use on inertially guided — ballistic 
missiles. Technical aspects and performance and measur- 
ing techniques ere explained. Application to other than air- 
borne systems is also discussed 


W. J. Kreider and N. Jasper, Redstone Arsenal, Huntsville, Ala. 


Electrical Manufacturing 1959 September p 103 5 pp 


Basic Science and Engineering Your Classification: 


Control 
Theory 


* 
Digital Methods in Measurement 


and Control 


\{ review of digital techniques directly applicable to prob- 
lems of instrumentation and control of physical processes. 
Covers: basic principles of coding, sampling, and quantizing 
in an easy-to-read non-rigorous manner; digital components 
and techniques; digital measurement devices; digital control 
actuators, 


H. Nothman, Gilfillan Brothers, Inc., Los Angeles, Calif 


Electrical Manufacturing 1959 September p 125 20 pp 


Components, Electrical Electronic Your Classification: 
Capacitors 


Semiconductor Devices 


Taking Advantage of the Voltage 
Sensitivity of the Silicon Capacitor 


The silicon) junction diode exhibits a capacitance effect 
which can be varied by changing the d-c bias (back) volt 
age on the device. Circuit uses include remote control of 
radio receiver, signal-seeking circuits covering a wide band, 
as well as automatic gain control and automatic frequency 
control. Factors affecting Q of the device are discussed; 
property curves are included. 


J. G. Hammerslag, Hughes Aircraft Co., Los Angeles, Calif 


1959 September p 172 52 pp 
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© Quick interpretations of feature article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


Reprints available—see pages 211 and 218 


To obtain a free copy of the ELECTRICAL MANUFACTURING Subject Classification, circle Number 738 on page !7 


Materials, Electrical/Electronic Your Classification: 


Conductor Materials 
Design Considerations 
Materials Selection Factors 


% Determination of Electrical 
Resistance of Metal Parts 


A compilation of electrical resistivity characteristics in metal- 
lic materials most likely to be used in design. Methods for 
calculating total resistivity are given. Also presented is 
a nomogram for calculating total resistance of circular cross- 
sections of metals. 


C. A. Escoffery, International Rectifier Corp., El) Segundo, 
Calif. 


Electrical Manufacturing 1959 September p 108 6 pp 


Materials, Electrical / Electronic Your Classification: 


Electrical Insulation and Dielectrics 
Testing 
Materials 


Effects of Thermal Environment 
on Laminated Plastics 


The effects of heat and moisture on the dimensional stabil- 
ity and mechanical and electrical characteristics of thermo- 
setting laminates are correlated in relation to various test 
methods. Material is based on property evaluations and 
standards by ASTM, NEMA and Johns Hopkins Uni- 
versity. A partial list of ASTM test methods most frequently 
used in evaluation of laminated plastics is also given. 


S. W. Place, Continental-Diamond Fibre Co., Bridgeport, Pa. 


Electrical Manufacturing 1959 September p 145 3 pp 


Components, Electrical Electronic Your Classification: 


Switches 


Electrochemical Static Control 
Switches High-Power A-C 


{ component is described which will switeh or modulate 
a-c currents upon the application of a small d-c current to 
one of three electrodes immersed in an electrolytic bath. 
Other two electrodes in encapsulated cell carry load current 
to be switched or modulated. 


Staff Report. 


1959 September p 182 2 pp 
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Components, Electrical/Electronic Your Classification: 


Magnetic Components 


High-Gain Magnetic Amplifier 
in Bridge Circuit 


Description of a magnetic amplifier consisting of four 
windings (two each on two coils) connected in a_ bridge. 
It has high gain at high temperatures (since only one low- 
rated rectifier is required). Design parameters and calcula- 
tions are given. 


S. D. Warner, Convair, Pomona, Calif. 


Electrical Manufacturing 1959 September p 114 312 pp 


Materials, Electrical / Electronic Your Classification: 


Electrical Insulation and Dielectrics 


R & D Progress in Ultrahigh- 
Temperature Dielectric Materials 


Progress in the Navy Department's Bureau of Ships R & D 
contracts for various dielectric materials for ultrahigh- 
temperature (also nuclear-radiation) service. Report includes 
data on embedding and potting compounds, capacitor diele« 
trics, r-f cable insulation and magnet wire. 


L. E. Sieffert, Bureau of Ships, Department of the Navy, 
Washington, D. C. 


Electrical Manufacturing 1959 September p 148 5'2 pp 


COMING UP .. 


The October issue’s Basic Science and Engineering insert 
will be a comprehensive treatment of Low-Noise, Solid-State 
Microwave Amplifiers. Other articles will deal with Current- 
Limiting Power Transformers, Packaged Electronic Circuits, 
Temperature Effects on A-C Properties of Nickel-lron 
Alloys, Logic-Circuit Modules for Industrial Control Systems, 
Double-Integrating Hydraulic Servomechanism, Magnetic 
Switching Circuit Theory, Function Generation with Four- 
Bar Linkages and Labeling of Controls and Displays. There 
will also be a Staff Report on DAP Resins and anothe: 


article in the Metals Series: Silver. 





Varmat is the newest addition to the famous Vartex line of 
quality tapes . . . designed especially for use where 

exceptional resistance to moisture is essential. A low power 
factor tape, Varmat also offers you high heat resistance and high 
dielectric strength. It can be slit to any width and is ideal for 
wrapping. Typical applications include coil windings and cable 
splicing. Varmat is supplied coated with black or yellow varnish 

or other moisture- and high heat-resistant coatings. 


DISTRIBUTORS 
Earl B. Beach Co., Pittsburgh, Pa N J W d Fi & hi C 
Phila. (Clifton Heights) P. 
Brooks Electrical eames. tan Baltimore, thd ew ersey 00 inis ing om pa ny 
John H. Cole Company, Oklahoma City, Okla 
Electrical Insulation Sales Co., Rutherford, N. J., MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 


Electrical Insulation Suppliers, Inc., Atlanta, Ga. 


Electric Motor Supply Company, Denver, Colo. WOODRRIDGE, N. 4. 


Hanna & Ferguson, Rochester, N. Y. 

Hippler Sales Company, Webster Groves. Mo. 

Insulation Manufacturers Corp. Varnished Cambric Cloth and Tapes “VARSLOT" Combination Slot Insulation: —— 
Chicago, til. Cleveland, O. Varnished “‘Fiberglas’’t Cloth and Tapes Rag Paper and Vartex Varnished Cambric 
Dayton, ©. ener ees Varnished Silk and Silk Substi Fish P d Vartex Varnished Cambri 
Detroit, Mich. Pittsburgh, Pa. arnishe an ubstitute sh Paper and Vartex Varnished Cambric 

J. F. Kerrigan & Co., Hamden, Conn. Synthetic Resinous Tapes and Extruded Tubing Rag Paper and “‘Mylar'’* Polyester Film 

. . ae - —- Berkeley, Calif. Cable Wrapping Tapes Asbestos Paper and “Mylar'’* Polyester Film 

cr ’ ion — tae hoe ioe: Gonna: Wend. Polyethylene, Sheets, Tapes and Extruded Tubing Kraft Paper and “Mylar’’* Polyester Film 

J. P. Scanlon, Rochester, N. Y VARSIL" Silicone Varnished ‘‘Fiberglas"’t Vartex Varnished “Fiberglas”* and 

Summers Electric Co., Inc., Dallas, Houston, Cloth and Tapes “Mylar’’* Polyester Film 


San Antonio, Austin, Texas 
White Sansly Company, $9. Levis, Me. Special combinations available upon request 


Export Agent: Lionel-Essex International Corp., New York, N.Y *Mylar, Du Pont's registered trademark tFiberglas, Owens-Corning Fiberglas registered trademark 
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Highlights from the International Transistor Exhibition 


A NUMBER OF transistorized devices 
demonstrated by the British Ministry of 
Supply R & D Establishments and the 
British Broadcasting Corporation Re- 
search Department were featured at 
the International Transistor Exhibition, 
London, England, May 21-27. Research 
and application trends were underlined. 
Among the transistorized devices shown 
were these: 

> Digital Voltmeter. Exhibited by the 
British Ministry of Supply, this digital 
voltmeter will measure d-c voltages up 
to 10 millivolts to an accuracy of + 10 
pv. It is constructed of transistors, semi- 
conductor diodes and relays; no ther- 
mionic tubes are used. The measure- 
ment is presented as a 10-digit binary 
number; the smallest digit represents 
10 wv, which makes the maximum read- 
ing 10.23 millivolt. 

The voltmeter can be described as an 
automatically balanced potentiometer. 
It has a binary register which pro- 
duces a feedback voltage by switching 
currents (proportional to the digit they 
represent) through a common resistor. 
The register is set up by trial and 
error, starting with the most significant 
digit. As each digit is tried, the input 
and feedback voltages are compared 
by switching them in turn into an a-c 
amplifier. The sign of the difference 
between the two voltages will indicate 
whether the digit is the one required. 
Input to the amplifier is switched by 
means of a relay; relays are also used 
to set up the feedback voltage. This 
arrangement limits speed of operation; 
a single measurement takes about 1 sec. 

Features of this voltmeter are the 
subjects of British patent applications 
Nos. 8466/57 and 36294/55. 

> Beat-Frequency Oscillator. An ex- 
perimental portable beat-frequency os- 
cillator illustrates how, by exploiting 
the almost ideal switching properties of 
transistors (both in the primary oscilla- 
tors and in the circuit) for deriving 
the wanted difference frequency, an ex- 
cellent overall performance may be 
obtained with simple and easy-to-de- 
sign circuits. (This item is also a 
Ministry of Supply design.) 

The primary oscillators are of the 
long-tailed-pair type. The variable- 
frequency oscillator supplies a square- 
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wave current to a balanced two-transis- 
tor switching circuit, causing this cir- 
cuit to switch the sine-wave current 
(from the fixed frequency oscillator) 
alternately to the respective emitters of 
a pair of common-base amplifier stages. 
The wanted audio-frequency component 
appears across a resistor in the collector 
circuit of one of these stages and is fed, 
via a low-pass filter, to an output emit- 
ter follower and 600-ohm adjustable 
attenuator. 

The arrangement 
very littke unwanted coupling between 


described gives 


the primary oscillators and pull-in oc- 
curs at a beat frequency of less than 
0.1 cps, despite the absence of buffer 
stages to isolate the oscillators. 
Maximum no-load output voltage is 
100 millivolts rms, the output imped- 
ance being 600 ohms resistive. Total 
harmonic distortion is less than 0.1 
per cent above 50 cps; with some 
extra elaboration of the circuit, it may 
be reduced to less than 0.01 per cent 
if desired. Instrument is battery oper- 
ated, provides 10 milliamp at 12 volts. 
A single tuning dial is used, and a 
satisfactory scale shape is obtained, 
backlash, by 
simple variable-velocity-ratio link mo- 
tion between the dial shaft and the 
capacitor shaft (the capacitor is of the 


without interposing a 


conventional type). 

> Transistor-Core Digital Circuits. Still 
a third demonstration by the Ministry 
of Supply was devoted to a digital-cir- 
cuit technique using transistors and 
ferrite cores. The circuit system consists 
essentially of a 6-stage shift register 
which receives a selected 6-digit binary 
pattern and to which conventional types 
of logic circuits are attached. The out- 
put from each logic is available for 
oscilloscope display. 

Each shift-register stage consists of 2 
transistors, 4 cores and 6 diodes, and 
is the largest single stage used. The 
present circuits are mounted on small 


THIS MONTH’S RESEARCH NOTES 


--p 10 
Fourier Transform Generator p 11 


Electrical Tracking Testing 


Creepage & Clearance 
Standards 


printed-wiring panels but they could 
lend themselves to microminiaturization 
techniques. 

A pattern generator provides a repeti- 
tive selected pattern of 6 binary digits 
at a digit frequency of 18 ke and a 
complementing circuit converts this 
single-line input into two complemen- 
tary pulse trains to suit the input of 
the shift register. The operative pulses 
throughout the system are 2 microsec 
wide as the cores are set or reset by 
clock pulses of this width. 

The logic circuits (OR, AND and NOT 
equivalent) are connected to the reg- 
ister stages at selected points; the op- 
eration of each one and of the shift 
register are demonstrated on a large 
display panel situated near the equip- 
ment. 

»Battery-Operated Recording Milli- 
ammeter. For use in conjunction with 
a transistorized receiver for the meas- 
urement of field strength in localities 
where line current is not available, the 
BBC Research Department redesigned 
a standard Evershed and Vignoles 
miniature recorder which requires line 
current for operation of the chart drive 
mechanism. 

To eliminate the need for an output 
transformer, the coil of the synchronous 
clock motor was rewound as the trans- 
former of a bridge-type oscillator using 
four OC72 transistors. Base resistors 
are used to adjust the frequency to 50 
cycles and to reduce the effects of vari- 
ations in the input characteristics of the 
transistors. A series regulator circuit 
with a Zener diode as the reference is 
used to stabilize the oscillator power 
supplies so that the frequency is in- 
dependent of the supply voltage over a 
range of 12-17 volts. A series diode pre- 
vents damage to the equipment if a 
supply of the wrong polarity is ac- 
cidentally connected. 

POne-Kilocycle Square-Wave Oscil- 
lator. This transistorized oscillator was 
was developed by BBC to modulate a 
signal generator with a square wave 
having an accurate one-to-one mark- 
to-space ratio and a frequency stability 
of the order 2-3 parts in 10*. A 2-ke 
tuning fork is maintained in oscillation 
by a transistor amplifier. This is fol- 
lowed by a pulse-shaping network the 
output of which triggers a_ bistable 
multivibrator, thereby producing a ] 
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ke square wave with an accurate one- 
te-one mark-to-space ratio. 

An output of 4 volts peak-to-peak is 
obtained from a supply of 6 volts, 3 
ma but the circuit will operate on any 


voltage between 3 volts and 10 volts. 


Self-Monitoring 
Color TV Tube 


Correct chrominance balance in a 
color-TV receiver may be achieved by 
the use of a self-monitoring color tube, 
as proposed by J. J. Belasco and J. J. 
Chantril in British Broadcasting Corp- 
oration Engineering Monograph No. 
23 (February 1959). 

@ The proposed tube is a_ single- 
beam type working on the beam-in- 
dexing principle. The red, green and 
blue color signals are gated to modu- 
late the beam according to its position 
as it scans red, green and blue vertical 
phosphor strips. The tube is similar to 
the well-known Philco “Apple” CRT 
but a photoelectric system instead of 
a secondary-emission process is used 
to obtain the beam-position informa- 
tion 

@ The photoelectric system employs 
vertical strips of photoconductive or 
photoemissive material laid on the 
viewing side of the fluorescent screen 
to correspond with the color phosphor 
strips. All the red photosensitive strips 
are connected, as are the green and 
blue strips. The resultant three con- 
nections provide signals for gating 
purposes. The chrominance balancing 
system makes use of a small group of 
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Vote: Second in a series of summaries 
of papers on the physical properties of 
polymers originally presented at the 
Silver Jubilee Symposium of the Plastics 
and Polymer Group, Society of Chem 
ical Industry, London, England, April 
15-17, 1958. 


Proposep TEsTs for assessing tracking 
susceptibilities of insulating materials fall 
into two broad groups: (1) tests in which 
are or spark discharges are allowed to take 
place on the surface of a clean untreated 
insulator and (2) tests in which a current 
is passed through a layer of conducting 
material placed on the insulation surface. 
The first group tends to discriminate only 
between materials which yield high-tem- 
perature char tracks of different electrical 
characteristics and therefore correspond to 
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ge of the 


re 


photosensitive strips at the ed 
picture, masked from view and_ not 
connected to the others. These are 
activated by a white bar produced by 
the injection of a pulse into the video 
amplifier during the line suppression 
period. The red, green and blue com- 
ponents are consequently monitored 
and combined to form the white bar. 

e The voltage outputs from the 
monitoring strips are compared with 
reference voltages which have the cor- 
rect relative proportions to form white 
when combined. The color error sig- 
nals so produced are then used to 
adjust the gain of each color channel 
for the following line period. 


Remote-Control 
Switching Device 


One or more control switches may be 
accurately operated at predetermined 
times, or with predetermined inter- 
vening time intervals, by the applica- 
tion of a switching device covered by 
U.S. Patent No. 2.872.545. This patent 
is one of ninety patents recently re- 
leased to industry by the Atomic 
Energy Commission on a_non-exclu- 
sive, royalty-free basis. 

The device consists essentially of a 
deck, a post projecting from the deck 
at right angles, a cam mounted for 
rotation around the post and a switch 
connected to the deck and actuated by 
the cam. The cam can be rotated at a 
constant speed. The switching appara- 
tus is enclosed in a sealed container 
with external adjusting means and 
electrical connection elements. 


Broad-Function 

Differential Analyzer 

Also released by the AEC on a non- 
exclusive, royalty-free basis is a patent 
(U.S. No. 2,873,065) covering differ- 
ential analyzers of improved design 


Electrical Tracking Testing 


the behavior of insulation at an advanced 
stage of tracking. The second type of test 
(with which this report is concerned) 
simulates the action of minute leakage 


No. of drops of electrolyte 
uo 


Fiz. 1—Typical drop/voltage plot. 


functions. In general form, the analy- 
zer embodies a plurality of basic com- 
puter mechanisms for performing in- 
tegration, multiplication and addition, 
and means for directing the result of 
any one operation to another computer 
mechanism performing a further oper- 
ation. Numerical quantities are repre- 
sented by the rotation of shafts, or the 
electrical equivalent of shafts. 


Data Processing Applied to 
Patent Literature Search 


Data processing systems applied to a 
search of patent literature will have 
the benefit of a notation system 
(Patent Office R & D Report No. 15) 
devised by the Office of Research and 
Development of the Patent Office and 
Massachusetts Institute of Technology. 
The system has been designed to pro- 
vide for the specialized letters, sym- 
bols and forms of type used in patent 
texts, as well as for those used com- 
monly in technics! and scientific pub- 
lications. 

The Patent Office plans to translate 
into the machine language and _ store 
on magnetic tape the texts of a small 
sample of patents. In this form, the 
patents will be searched at MIT. In- 
dividual key words or groups of words 
in context will be isolated. Any word 
can be located each time it appears: 
at the same time the machine will also 
read or reproduce the ten words which 
precede and follow the key word or 
phrase. Isolated words from the patent 
texts will then be compared with words 
from everyday English texts by lan- 
guage experts. 

Patent Office technicians will also 
study a file of the words in order to 
create interrelational concepts for 
Ruly English, a synthetic language de- 
signed to express relationships un- 


ambiguously. —A.E.J. 


currents flowing in the surface layer of 
the material or in layers of contamination. 
It has a more direct application to most 
operating conditions, 


Some Tracking Test Data Using 
ERA Apparatus 


Time to 
Material track, sec 
Cast phenol-formaldehyde sheet 11 
Wood-filled molded phenol-for- 
maldehyde 12 
Asbestos paper-filled phenolic 
board 18 
Asbestos-filled molded phenol- 
formaldehyde 23 
Asbestos insulating board 68 
Aniline formaldehyde laminate 285 
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In this test, an electrolyte 1s allowed to 
drip between electrodes of specified con- 
figuration, which either rest on the surface 
or are inserted partly into the specimen. 
\ controlled voltage is applied across the 
electrodes and the time is measured until 
total destruction of the insulation surface 
occurs, 

The specific ERA (British Electrical 
Research Association) test (1)* has been 
thoroughly investigated. Electrolyte (sod- 
ium chloride solution) is allowed to drip 
on. the 
space between an inner electrode of flat- 
ended brass red and an outer electrode 
consisting of a brass ring of square Cross 
Electrolyte 
rate, electrode dimensions, etc. 


section. concentration, drop 
size, drop 
are carefully defined. The electrical supply 
is 230 volts a-c and the electrodes are 
connected to this in series with a variable 
resistance and an ammeter. Prior to each 
test the electrodes are short-circuited and 
the resistance adjusted to give a current 
of 1 amp. The electrolyte is allowed to 
drop and the current switched on. The 
endpoint is taken when the ammeter in 
dicates a steady [low of current due to the 
failure of the insulation surface by track 
formation. The results obtained are in 
terpreted in’ terms of time elapsed to 
failure from time the current is switched 
m. Some typical test values using this 
method are given in the accompanying 
able. 

The proposed International Electrotech 
nical Commission test (2) is similar in 
principle to the ERA test method. The 
most important difference, however, is in 
the operation of the test and the method 
of expressing results. Drops of electrolyte 
are allow to fall until a permanent con 
ducting path is formed at a given applied 
voltage. This procedure is then repeated 
on different areas of the material at various 
levels. The number of drops required to 
cause tracking is then plotted against 


voltage to give a curve which is approxi- 
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specimen surface in the annular 


mately of hyperbolic shape. A_ typical 
plot is given in Fig. 1. In the IEC test 
the use of platinum or platinum-iridium 
electrodes is recommended for a primary 
standard. However, provision is made for 
the use of brass, copper, or aluminum 
electrodes to simulate particular service 
conditions. The electrolyte specified is 
ammonium chloride. 

\ detailed practical examination of the 
IEC tracking test was made. The effect 
of using three different electrode materials 
(platinum, and hard 
brass) and two different electrolytes (sod- 


tungsten carbide 
ium chloride and ammonium chloride) 
was studied in tracking tests on aniline- 
formaldehyde laminate, self-extinguishing 
alkyd molding, silica-loaded epoxy casting 
and rigid PVC sheet. The effects of the 
electrolytes and electrode materials are 
summarized in Figs. 2 and 3. 

From the work carried out, the IE¢ 
test as a means of placing materials in 
an order of comparative resistance to 
tracking was found to be sound in broad 
principle. In detail, however, the IE¢ 
test is not wholly acceptable since it is 
considered that ammonium chloride as 
the electrolyte and platinum for the elec- 
trodes as the primary standard are not 
suitable. Sodium chloride is suggested 
as a more widely applicable contaminating 
influence. In view of the effect of electrodes 
used in the study it is considered that 
either brass or copper should be used. If 
there is a need for a primary standard 
which yields results of widest dispersion 
with least specifi influence of electrode 
contamination, tungsten carbide has more 
to recommend it than platinum. 


G. C. IVES and M. M. RILEY 
YARSLEY Testing LABoratories Lp, 
England 
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Transistorized Fourier Transform Generatecr 


British Broadcasting 
Corporation Research Department at the 


DISPLAYED BY THI 


Transistorized Fourier transform genera- 
tor. 
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International Transistor Exhibition (Lon 
don, May 21-27) was a Fourier trans 
form generator utilizing 159 germanium 
junction transistors. This device displays 
the cosine and sine transforms of any 
function which can be represented by not 
more than 41 equispaced ordinates, of 
which the central ordinate must represent 
the function at the abscissa zero. The 
slider of each of 4] potentiometers is set 
to the value of the function at the cor 
responding ordinate. Either the sine or the 
cosine transform is selected by means of 
a switch. 


@ Each potentiometer is connected to 
one of 20 harmonically related) sinusoidal 
push-pull voltages; the voltages on all the 
sliders are combined to form the output 
transform. Each frequeney is connected 
to 2 potentiometers symmetrically disposed 
about the central potentiometer, the fre 


quency increasing as the order of position 


from the center. For the cosine transform 
the sinusoidal voltages are phased to reach 
a maximum amplitude simultaneously once 
per eycle of the fundamental, and the out 
puts of all potentiometer sliders are added 
For the sine transform the phasing is sucl 
that all voltages pass simultaneously 
throug 


h the zero in a positive direction 
ind the outputs of the sliders on the left 
hand side are subtracted from those 
the right 

@ The circuit includes a master oscil 
lator operating at 120 times the funda 
mental frequency of 500 eps, frequency 
dividing chains, and band-pass filter unit 
Of the 20° output 


filtered directly from the 


frequencies, 12. are 
output wave 
forms ot dividers These waveforms ate 
also intermodulated in suitable pairs to 
vield the other 8 frequencies The germa 
nium-junction transistors are predominantly 
of an audio-frequen y type (OC71) koi 


the 60 ke oscillator and for the output 





amplifier an r-f{ type (OC44) is used so as 
to prevent phase distortion. 

@ Each band-pass filter is fed either with 
the output of a divider or that of a 4- 
transistor balanced modulator. The second 
ary of the filter is balanced and drives a 
pair of grounded collector output stages 


Note 


International Standards on Creepage and Clearance Distances 


Research 


EUROPEAN COUNTRIES are definitely commit- 
ted to the principle of grading creepage 
distances according to the surface tracking 
qualities of materials used in the design 
of control apparatus. IEC Technical Com- 
mittee TCI5 on Electrical Insulation has 
developed a method of testing insulation 
materials and establishing a relative track- 
ing index. 


e There are two parameters for evaluating 
test results: voltage and number of drops. 
The reliability of the testing method is 
still open to some controversy. Some coun 
tries claim they found the testing method 
reliable, other 
claimed that the test results are not quite 


consistent and countries 
consistent. Investigations made by several 
Italian laboratories indicate that the track- 
ing index test clearly shows a difference 
between phenolics and melamines, but does 
not give consistent results for grading 
phenolics. 


e The merit of the tracking index test 
cannot be adequately measured in_ this 
country at this time because there are no 
U. S. testing standards which are compar- 
able. Several countries have committed 
themselves to a method of grading ma- 
terials at a fixed test voltage, using the 
number of drops required for tracking as 
the index. There is some doubt whether 
such a test is reliable. More experimental 
work is necessary to settle this point. 


@ During the discussion of tracking tests 
and classification of materials, reports on 
experiences in several countries with the 
IEC test method were given and segrega- 
tion of materials was made into three 
classes: A, B and C. These are defined 
as follows: 


Class A—test with 500 volts, 
more than 30 drops 

Class B—test with 250 volts, 
more than 15 drops; 
test with 300 volts, 
more than 7 drops. 


Class C—all other materials. 


e Italy reported that Class A materials 
stand out, and that the test clearly identi- 
fies superior materials. However, it was 


found impossible to discriminate between 


Class Al 


Clearance 
Rated volts in air or 
(a-c, d-c) oil, mm 


0-200 
201-300 
301-400 
401-500 
501-600 


2 (0.08 in.) 


4 (0.16 in.) 
5 (0.20 in.) 


2 (0.08 in. 
12 in. 
4 (0.16 in. 
5 (0.20 in. 
24 in. 


3 (0.12 in.) 3 (0 


6 (0. 24 in.) 6 (0 


which have as emitter loads the two halves 
of the center-tapped output potentiometers. 
Filters are so designed as to minimize 
relative phase errors due to oscillator in- 
stability and thermal variations of com- 
ponents. The resultant phase stability is 
such that, under normal conditions, 1 pet 


Classes B and C and to obtain consistent 
results. 


e@ Sweden reported good results with clas- 
sification tests in accordance with TC15 
(Committee on Electrical Insulation). How- 
ever, the question was raised whether the 
tracking index is a conclusive clue to the 
usefulness of a material in practical appli- 
cation, It was pointed out that in Sweden 
excellent operating experiences was ob- 
tained in steel mills, mines and other heavy 
industrial uses with materials which would 
only meet Class C requirements. 


@ Denmark reported that the tracking test 
isa good method to check whether molded 
materials have been properly cured. It 
has been observed that materials which 
had been cured for too short a_ time 
showed up poorly and tested below par. 
Additional curing and subsequent testing 
brought the tracking index up to par. It 
was also stated that glass-base materials 
and glazed ceramics are the only materials 
which fully meet Class A requirements. 


e@ Germany uses the TC15 index and is 
reasonably satisfied with the results. The 
eflect of wetting agents is being investi- 
gated. It appears that a test with 50 drops 
at 120 volts obtains good discrimination 
materials. At 
between 


between Class B and C 
higher voltage, discrimination 


Classes B and C becomes indistinct. 


@ Discharge Pattern. Several delegates re- 
ported on observations which suggest that 
the pattern of the discharge during the 
tracking test may yield a clue to classifica- 
tion of materials. It was stated that two 
distinct patterns have been observed. 


DA AO 


x 
e In pattern X the discharge paths es- 
sentially form lines from one electrode 
to the other electrode. With pattern Y 
the discharge paths do not touch the elec- 
trodes. It was claimed that any material 
follows one of these two patterns, that the 
pattern does not change during a test, 
and that it does not change between tests 
on the same material. Italy reported that, 
when wood-flour-filled molded compounds 


Creepage, mm 


Class B 


No ridges Ridges 
(0.12 in. 
(0.20 in. 
(0.24 in. 
(0.32 in. 
(0.36 in. 


3 (0.12 in. 
4 (0.16 in. 
5 (0.20 in. 
6 (0.24 in. 
8 (0.32 in. 


Coanuw 


cent accuracy is maintained for at least 
three months after calibration. 

Reference: See “Using Fourier Analysis 
in Designing Whole Systems, Subsystems, 
Electrical and Mechanical Devices,” Ira 
Ritow, EvecrricaL MANUFACTURING, Feb- 
ruary 1959, p 87. 


are subjected to a tracking test, the dis- 
charge pattern always starts as type X. 
As the test continues, the pattern changes 
to type Y and stays that way. No reversal 
of the process has ever been observed. 


e@ Denmark stated that phenolic com- 
pounds always follow pattern type X. 
While these reports were accepted as in- 
teresting data, it was felt that further 
work must be done before valid conclusions 
can be drawn. 


e Classification of Materials. For the es- 
tablishment of creepage distances, the 
following classifications were 
tentatively established: 


material 


Class Al—Glazed ceramics, glass—no 
tracking index test required. 
Class A2-—-All other insulating materials 
meeting a TC15 tracking in- 
dex test of more than 50 
drops at 500 volts. 
Class B —all other insulating materials 
no tracking index test re- 


quired. 


@ Measurement of Creepage Distances. 
Because of the short creepage distances 
that are used on many European designs, 
the meeting went into great detail in dis- 
cussing rules on how creepage distances 
are to be measured. Any ridges or grooves 
less than 2 mm (0.08 in.) in height or 
depth are neglected. When the creepage 
path includes metallic 
stretches less than 2 mm (0.08 in.) long 
are neglected. 


inserts, any 


e@ Proposed Distance Table. The distances 
shown in the accompanying table have 
been proposed tentatively (not for Class 
AZ). 


e@ Distances have been established up to 
600 volts. Figures for higher voltages will 
be discussed at the IEC meeting in Ma- 
drid. No distances were established for 
Class A2 materials because of lack of 
agreement among delegates. 

Since U.S. standards do not recognize 
classes of materials, our own designs would 
be judged on the basis of using Class B 
materials. Clearance and creepage distances 
in the proposed table are shorter than 
those prescribed in U.S. standards for con- 
trol apparatus. Thus, the proposed table 
does not absolutely disqualify existing 
U.S. control designs. 

G. W. HEUMANN 

Control and Instrumentation Engineering 
GENERAL ELectric COMPANY 
Schenectady, N.Y. 


Note: Excerpted from a report on meet- 
ings of the International Electrotechnical 
Commission SC17B, Low-Voltage Switch- 
gear and Controlgear Committee, February 
25—March 14, 1959 in Paris, France. 
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great for 
wienies... 


but for 
resistors ?? 


IRC RESISTEG Coated Resistors are 


IRC’s low temperature * cured at less than 205°F. Vitreous 


enameled resistors are ‘barbecured” 
at 1200°F or more. 


curing holds down the 
a Unless especially ordered, vitreous enamel 
Temperature Coefficient units on not siaunaal below 80 ppm; 


and for any temperature rise their resist- 
ance change is about double that of 


of Dower wire wound comparable IRC resistors. 


‘ At the low curing temperature of IRC 
resistors. RESISTEG Coatings, turns do not tend 
to loosen, shift, short, or arc over. Turns 
do not have to be tension wound. Nor do 
If a low temperature coefficient (or low they have to be spaced out to prevent 
resistance change) is of importance to shorting, necessitating the use of fine 
you, your choice, we believe, will be IRC wire with its low margin of safety and 
RESISTEG Coated Power Wire Wounds vulnerability to power surges. 
because after cure—at less than 205°F These are only a few of the impressive 
the Temperature Coefficient of IRC advantages of IRC RESISTEG Coated 
PWW’s averages only about 25 ppm. Power Wire Wound Resistors. 


FOR ADDITIONAL INFORMATION, WRITE FOR NEW 
POWER WIRE WOUND RESISTOR BULLETIN C-1C, 


i ee! 
¢ a Uncnover the Crocus Says | (R)C 
VY 


INTERNATIONAL RESISTANCE COMPANY, Dept. 291, 401 N. Broad Street, Philadelphia 8, Pa, 
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You Should Know Why 
KIRKWOOD 
COMMUTATORS 


VAL 


ae durable STEEL 
CORE or economical 
MOLDED CORE commuta- 
Tele MCW eat ee(S 
for longer, efficient life. 
They fit right the first time. 


Kirkwood steel and mold- 
ed slip or collector rings 
TMM LMT Late L eet) 
of quality. You can depend 
Pym mea meee) 
nating sparking and excess 
brush wear, safeguarding 
efficiency from source to 
load. 


Send us your prints for 
estimates on new commu- 
tator or slip- ring designs 
for special applications. 
Kirkwood commutators 
range from 3s” to 50” in 
diameter. 


ete 
eo a 


2 
e 
cz 
* 

om 


oe C) 
rt 


KIRKWOOD 


COMMUTATOR CORP. 


4855 W. 130th St., Cleveland 35, Ohio 
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Pius or Minus 


Random Comments of the Editors and Readers 


Proposal for an 
“American Plastics Institute’ 


\ proposal for the establishment of an 
“American Plastics Institute” is being 
circulated by J. H. DuBois. Montclair, 
New Jersey, a well-known engineer in 
the field of plastics. R. L. Mondano. 
Raytheon Company, Box 25. Maynard, 
Massachusetts, is chairman of the com- 
mittee organized for the advancement 
of the program. The proposal is as 
follows: 


“It [is] proposed that all of the 
people concerned with the produc- 
tion of plastics materials and prod- 
ucts work together in the establish- 
ment of an American Plastics Insti- 
tute to [study fundamental plastics 
problems| for the benefit of all. Typi- 
cal projects will include fundamental 
characterization of the polymers, es- 
tablishment of relationships between 
structure and physical behavior. Fun- 
damental studies of fabrication and 
the utilization of plastics are badly 
needed. A major evaluation of mold- 
making methods and materials with 
a view to reducing their time and 
expense would be given a very high 
priority. Improved mold-making meth- 


ods can double [or] triple [the size 
of| the plastics industry. 
“Fundamental molding and extru- 
sion studies, aimed at finding the 
most effective methods to predict the 
processability of plastics, are long 
overdue. All known equipment for 


measuring the parameters of the 


polymers must be evaluated in order 
to develop the best instrumentation. 
could take 


much of the guesswork out of mold 


Such — instrumentation 


ing and extrusion. Improved instru- 
methods will help 
clarify and resolve the need for the 


mentation and 


large number of physical character- 
istics now cited and reduce these to 
more appropriate tools that may be 
used by research and production 
engineers. 

“These studies are typical of many 
that should be combined with ad- 
vanced educational programs, and 
the industry is late in getting to- 
gether on a program that will con- 
tribute so much to its growth. Your 
help and suggestions are needed. 
Please write your views to your soci- 
ety or group so that consideration 
may be given to all views and _ in- 


terests.” 


And Now the Picofarad 


In general we are inclined to resist the 
introduction of a new” engineering 
term or unit unless the need for a 
new one is clear and unmistakable. 
According to a note released by the 
General Radio Co., the use of smaller 
capacitance values has created a need 
for a smaller unit and this need has 
been met by the term “picofarad” in 
place of micromicrofarad. The unit 
was suggested and has been adopted 
by the National Bureau of Standards, 
so that it may be expected that its 


use will become common: we will 


Definitions Re-Defined 


What is a conductor? A dielectric? An 
insulator?) Everyone should know. the 
answers, but how often are the defini- 
tions clear and precise? Here. thanks 
to the efforts of ASTM Committee D-9 
on Electrical Insulating Materials, are 
definitions now 


approved (tentative ) 


pending adoption as standard: 


Conducting material (conductor) A ma 
terial within which an electric current 
is produced by application of a voltage 
between points on or within the material. 
The term “conducting material” is usu- 
ally applied only to those materials in 
which a relatively small potential differ 
ence results in a relatively large current 
since all materials appear to permit 
some conduction current. Metals and 


strong electrolytes are examples of con 
ducting materials. 


Dielectric 
sible to maintain an electric field with 


(4 medium in which it is pos 
little supply of energy from outside 
sources. The energy required to produce 
the electric field is recoverable, in whole 
or in part. A vacuum, as well as any 
insulating material, is a dielectric. 


Insulating Material (Insulator) One in 
which a voltage applied between two 
points on or within the material pro- 
duces a small and sometimes negligible 
current. 

The proposed standard also pro- 
vides revised definitions for — the 


ampere, mho, ohm, volt and watt. 
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Tiny Living Heat Exchangers. 
Some species of deep sea fish have coun- 
tercurrent bundles of blood vessels (rete 
mirabile, shown twice actual size) so effi- 
cient that if boiling water and ice water 
were counterflowing in them, heat transfer 
would be complete to 1/10,000 of a 
degree! 


Miniature Pressure Transducer 
for airborne 


1” CED: 


planes up to 40g with error less than 


° ” 
instrumentation, 1 long, 


withstands accelerations in 3 
1g 

O- 
Utilizing low-torque characteristics, 
2 MPB bearings provide capacity, life and 
maintain exacting precision of a sensitive 
linkage. 


Man With Miracles. This is Harry 
of MPB's 
gineers. Through men like him, MPB's ex- 


Marschausen, one Sales En- 
tensive engineering experience and design 
consultation are readily available to all 
industry. When your application requires 
a miracle in miniaturization, call in your 


MPB man. 


Miracles in Miniaturization Continue © a nese 


Man is making fabulous progress in his cease- 
less fight against friction and inertia. Today's 
machines operate at fantastic speeds and ac- 
celerations...onearth...inthe sky ...and 
beyond. But space for components daily be- 
comes more precious and while bearings used 
have tremendous 


in these machines must 


stamina, many of them must be almost un- 
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believably compact. MPB makes over 500 
types and sizes of such bearings ranging down 
to 1/10” O.D. Send for illustrated catalog 
describing them. Special bearings supplied 
when necessary 
Write Miniature Precision 


Inc., 609 Park, 


Design assistance at your 
request. 
Bearings, Precision 


Keene, N. H. 
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MINIATURE PRECISION 


VFB 


BEARINGS. INC 


Helps you perform miracles 
in miniaturization 





exceptionally 
close limits... 


The photograph shows the connecting rod of an unusual hydraulic 
pump built by a company whose name is known everywhere. 


The finish in the bore of both the large hole and the small hole must 
be held to very fine profilometer reading. 


In addition, the axes of these two holes must be parallel to each other 
within exceptionally close limits. Naturally, the user of a cast bronze 
part such as this turns to Bunting in order to assure strictest ad- 
herence to his print and specifications. 

For the unusual, as well as the usual, in bearings, bushings, bars, or 


special parts of cast bronze, sintered bronze, or Alcoa aluminum, try 
Bunting first. 


Ps tae 3 ; 
4 
j 


eka J 


BUNTING SALES ENGINEERS in the field and a fully staffed Product 
Engineering Department are at your command without cost or obligation 
for research or aiding in specification of bearings or parts made of cast 
bronze or sintered metals for special or unusual applications. 


..@kz oO wu for FOU ~ COpy On i 


Bunting's “Engineering Handbook on Powder 
Metallurgy” and Catalog No. 58 listing 2227 sizes of 
completely finished cast bronze and sintered 

oil-filled bronze bearings available from stock. 


Bunting 


The Bunting Brass and Bronze Company 
Toledo 1, Ohio—EVergreen 2-3451 
Branches in Principal Cities 


BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF CAST 
BRONZE OR SINTERED METALS e ALCOA ALUMINUM BARS 
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adopt it and use it when dealing with 
capacitance values for which it is con- 
venient. The abbreviation for the pice- 
farad is to be “pf,” so that a “micro- 
picofarad” will be abbreviated “pf.” 

ALR. 


Directory of Engineering 


Societies Available 

The Engineering Societies Directory, 
1959 edition, is now available. This 
Directory is a comprehensive United 
States listing of engineering and _ sci- 
entific societies, their functional staff 
personnel and publications. Interna- 
tional organizations and all state 
registration boards for professional 
licensing are also listed. Copies may 
be obtained from Engineers Joint 
Council, 29 W. 39 St.. New York 18. 
N.Y., at $3.50 per copy. 


Correction 


In the article “The Fundamental Nature 
of Shock and Vibration” in the June 
1959 issue, the following corrections 
should be made: on page 92, directly 
following Eq (15), the value of z should 
be given as x/\/2 a. Also, in Eq (18) 
on page 94, the value given for the 
quantity A should be as follows: 


> 1 


1=1 [( f+] 


THIS MONTH’S COVER 
Electrical Pay, 
Manufacturing =" 


Numerical languages—three of them—all 
saying the same thing. Left is the familiar 
decimal system. Right is the straight 
binary system used by electronic counters 
and computers. The geometric pattern 
(in copper, naturally!) up the middle is 
that of a 10-digit gray-coded position en- 
coder. The “rules” of conversion between 
all three systems are included in this 
month’s Basic Science & Engineering Fea- 
ture, “Digital Methods in Measurement 
and Control,” starting on page 125. 


ELECTRICAL MANUFACTURING 





OPEN OUT FOR CONVENIENCE 


Electrical 
Manufacturing 


ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising 
and editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by Publisher 
if received by November |, 1959 


ADVERTISED PRODUCTS OR SERVICES 


182 209 236 263 290 344 
183 -210 237 264 345 
184 211 238 
185 212 239 347 
186 213 240 
187 241 
188 
189 
190 





261 | 
282 | 


284 | 311 
285 | 312 
286 313 
287 | 314 
288 | 315 
289 | 316 


IN CHECKING INQUIRY CARDS 


Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 


Reviews of new developments starting on 
page 240. 


New Literature 
Latest catalog and bulletin offerings starting 
on page 224. 


Reprints of Editorial Features 
Article reprints, available without charge, are 
listed on page 211. For Basic Science Reprints, 
see Order Form on page 218. 


Not good after November 1, 1959 


NEW COMPONENTS NEW LITERATURE 


513 530 547 564 581 632 649 666 683 
514 531 548 582 633 650 667 684 
515 532 549 634 668 685 
516 533 550 584 635 669 686 
517 534 551 636 687 
518 552 688 
519 536 553 689 
520 554 690 
521 538 555 

539 
523 540 
524 541 
525 542 
526 543 
527 544 

545 

546 


Individual 

Title Dept. or Div. 
Company 

Street 


Principal Product Manufactured 
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288 
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NEW COMPONENTS NEW LITERATURE 


| 290 317 344 371 
291 318 345 372 
292 319 346 373 
293 320 347 374 
294 321 375 

322 
323 
324 
325 
326 
327 


530 564 581 683 
531 684 
532 
533 
534 
535 
536 
537 








Individual 

Title - «Dept. or Div. 
Company oe ae ip Rag ilies 
Street - ~ City =, ae + a 


Principal Product Manufactured / 


NEW COMPONENTS NEW LITERATURE | REPRINTS 


290 
291 
292 
293 
294 
295 
296 
297 
298 
299 


513 530 547 564 632 649 666 701 718 738 
514 548 565 667 702 719 736 
515 549 S66 651 668 703 720 737 
516 567 652 704 721 738 
568 653 722 738 

654 706 723 740 

707 724 741 


725 742 
726 743 
727 744 





i9) 





Individual 
Title ee 
Compony nar ie oo = 67s Oe 
314 
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Inquiry Cards from any page in issue 


Electrical 


Manufacturing 


ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising 
and editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by Publisher 
if received by November |, 1959 


READER 
INQUIRY 


SERVICE 
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Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 
Reviews of new developments starting on 
page 240. 


New Literature 
Latest catalog and bulletin offerings starting 
on page 224. 


Reprints of Editorial Features 
Article reprints, available without charge, are 
listed on page 211. For Basic Science Reprints, 
see Order Form on page 218. 
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BURNDY 
Electrical Contacts 


and BURNDY 
Installation Tooling 


- a % 
ee 


HYPRESS® YD 


A semi-automatic pneumatic tool 
for installing contacts. Contacts 
are supplied in expendable plas- 
tic carry strips. The tool can %e 
operated as a portable tool, or 
hand or foot operated as a bench- 
mounted tool. Full cycling con- 
trol insures uniform completion 
of each installation. 


HYTOOL® M8ND 

A manual tool with removable 
TOOLS / CONNECTORS MATCHED dies. Ratchet action insures that 

dies close completely and thus 
SY WISK SUERTE CVn s = eliminates the possibility of in- 

complete connection. 


HYPRESS Y8ND . 

A pneumatic portable tool for 
rapid installation of contacts. 
Removable dies are interchange- 
siabilele tha oramer tyee and depth able with M8ND. Full cycling con- 


f LZ of indent for every type of a ppc tone completion 
i7\ | connector and wire. This depth eacn instalation. 
Toler e 


aboratory work curves like this 


then becomes an inherent 
characteristic of a full cycling 
control tool, guaranteeing a 
uniform and complete crimp each 


timea contact is installed. Thus For details on these and 
Under Proper ve the tool contributes to the built-in 


crimped crimp —crimpe reliability of contacts and tooling other Burndy tools, write 
designed for each other. OMATON DIVISION 


Norwalk, Connect. In Europe: Antwerp, Belgium Toronto, Canada 
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REFERENCE GUIDE TO 
High-temperature 


VOLTAGE RANGE 
75 to 3,000 
VOLTS 


yet Lufrify, 
ww \ / ny 
VOLTAGE 


GENERAL % ELECTRIC 


Available 
INSULATIONS and JACKETS 


Flamenol* (polyvinyl chloride) Nylon 
Polyethylene Dacron} 
Nylon Teflon 
Teflon} Glass braid 
Deltabeston* (asbestos and glass) Polyvinyl! chloride 
Silicone rubber Neoprene 


Silicone rubber —and many others 
impregnated asbestos 


TOLERANCE RANGE 
(CONDUCTOR 
TEMP) 


+400 C 


All types meet Military Specifica- 
tion MIL-W-16878C. Many of 
these wires are also available with 
shields or nylon jacketed shield. 
All can be supplied either striped 
or in solid colors in accordance 
with RETMA color code. Varia- 
tions in insulation and jackets are 
available to fit your specifications. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


ELECTRICAL MANUFACTURING 





Electronic Wire 


An outline of the capacities, the components, and the benefits obtainable 
in General Electric’s comprehensive line of electronic wires 


You get high-temperature electronic wire for every 
application. Here are just a few: 


— internal wiring of electrical and electronic equip- 
ment, meters, and panels. 


— general-purpose wiring where excellent resistance to 
moisture and solvents may be required. 


— low-voltage wiring, where space savings are 
important. 


— coil leads to Class H insulated equipment. 
— aircraft, rocket, and missile wiring. 


You get G-E electronic wire directly from stock sup- 
plies, with exactly the size and the properties you need 
in conductor, insulation, and jacket. 


You get custom-engineering and exactitude of design 
and manufacture in every wire in the G-E line. You 
can count on all General Electric high-temperature 
electronic wires for complete reliability and efficiency. 


You get engineering service. If you need a special 
wire for a new or unusual application, G-E wire and 
cable field engineers will be glad to discuss your prob- 
lem with you. 


OTHER TYPES OF G-E WIRE FOR ELECTRONIC EQUIPMENT 


——— 


of every type and shape, in a variety of sizes. Insulations available. in- 
clude Formex* and Alkenex** enamel films; and Deltabeston glass or 
asbestos coverings. A variety of fabric, thermoplastic, and film insula- 
tions are also available. 


Magnet wire 


Aircraft wire Samm 


G-E Flamenol aircraft wires are qualified products and are listed as ap- 
proved under these Military Specifications: MIL-W-5086A—Types I, Il, and 
11; MIL-W-702A; MIL-W-8777A (ASG); MIL-C-7078A, Types | and II; and 
MIL-C-25038 (USAF). 


INSULATION 


Thermoplastic 
S1-57525 Nylon Jacketed 


Thermoplastic 
$1-57526 Plain 
S1-57527 Nylon Jacketed 


Thermoplastic 
S1-57528 Plain 
S!1-57529 Nylon Jacketed 


Teflon 
$!-57533 Extruded 
S$1-57535 Fused-tape Type 


Teflon 
S1-57534 Extruded 
S1-57536 Fused-tape Type 


Silicone Rubber 
S1-57541 Plain 
$1-57542 Glass Braided 


Silicone Rubber 
S1-57530 Plain 
S!1-57531 Glass Braided 


Recommended for radio, electronic, and other communication instruments, 
electrical measuring instruments, electronic devices, and ground installa- 
tions. Also to meet MIL-W-76A and MIL-C-915A Specifications. 


Radio hook-up wire ® 


Cables 


to meet armed services 
specifications. 


*Registered Trade-mark Genera! Electric Co. 
**Trade-mark General Electric Co. 
+ duPont Registered Trade-mark 


AWG SIZE 
(approx) 


VOLTAGE COND. TEMP 


600 


0000-24 
0000-24 





poo —————————-— For complete information, just mail the coupon, -———————————— == 4 


General Electric Company, Wire and Cable Department 
Section W234-922, Bridgeport 2, Conn. 


Please send me complete details about items checked: 


Name 

Title 

Company 

Address 

City Zone State_ 


(_] Formex, Deltabeston, 
Alkenex, and other 
magnet wires 


() High-temperature 
electronic wire 


[_] Electronic wire for air- 
craft, missiles, and rockets () Radio hook-up wire 
[] | have described my electronic wiring problem 
on the attached sheet. What do you suggest? 


Occ sk etic ee oii cin Sn Stal Sais ca ce sine os ace WC eae wg cee Ss wi ol ei ss ca Nadel asea ain  aaepa aaa ae aa 


SEPTEMBER 1959 


Circle 113 on page 17 23 





‘FACTS FOR ENGINEERS = NUMBER 1 


The Unique Deionizing and Non-Arc Tracking 


Properties of Vulcanized Fibre and Their Applications 
by Earl A. Russell, Chief Engineer, Spaulding Fibre Company, Inc. 


@ When subjected to high temperatures 
such as those created by an electric arc, Spaulding 
Vulcanized Fibre produces an arc-quenching gas. 
Two important effects are noted: 


1. The Fibre neutralizes the charges present 
in the air that has been ionized by the arc, 
permitting instant reassociation or deionizing. 
lonized air conducts electricity. Deionizing it 
re-establishes air’s normal insulating character- 
istics, thus extinguishing the arc and preventing 
the line current from flowing through to ground. 


2. The Fibre covers itself with a gaseous, non- 
flammable layer that suppresses combustion of 
the fibre. This effect resists the formation of a 
carbon track between electrodes when an electric 
arc passes over the surface. 


All grades of Spaulding Vulcanized Fibre have 
these properties. However, the greater density 
of Spaulding Supergrey (Bone Grade) provides 
them to a superior degree. 


Applications 


In addition to the applications noted in Figures 
1 and 2, Spaulding Vulcanized Fibre is especially 
suited for these uses: 


© Fibre properties which cause it to be non-arc- 
tracking and arc extinguishing, lead it also to 
resist igniting under short term, high tempera- 
ture arcs such as might be encountered in the 
burning of a fuse link or when used as an 
arc shield. 


PROPERTY 


Tensile Strength 
P.S.1. Typical 


Flexural Strength 
P.S.1. Min. 


© Fuse cases of solid wall fibre tubing for 
inside fuses and as an inner liner in Spauldite 
tube cases for pole line outdoor fuses exposed 
to weather. This takes advantage of the 
structural strength of Vulcanized Fibre tube 
in addition to the resistance to igniting 
characteristics. 


© Both oil switches and oil circuit breakers 
designed to interrupt high power currents 
take advantage of the arc extinguishing 

: : + : 
properties of Vulcanized Fibre by drawing 
the arc through narrow and circuitous 
channels in the fibre baffle stacks. 


FIGURE 1. The arc extinguishing properties of 
Spaulding Vulcanized Fibre are used in distri- 
bution switches and small circuit breakers 
where opened contacts draw the arc close to 
the fibre surface where it is extinguished. 


COMMERCIAL GRADE 


THICKNESS 


¢ Perhaps the most spectacular use made of- 
the deionizing properties of Vulcanized Fibre 
is in the lightning surge arrester units of 
the expulsion type. These are now available 
in many types, all based upon the principle 
of conducting the lightning discharge to 
ground through an external and internal 
gap. In the latter, the arc chamber provides 
small passageways in the Vulcanized Fibre 
designed to extinguish the arc in micro- 
seconds to prevent power current from fol- 
lowing through to ground. 


FIGURE 2. In the widely used circuit breaker, 
a combination of metal grids held within a 
framework of Spaulding Supergrey Fibre is 
economical and effective in snuffing the arc. 
Serving the same purpose as a fuse it has 
the advontage of quick re-use after cutting 
the circuit. 


BONE GRADE 
SPAULDING SUPER CREY 


INCHES 


For Mechanical and 
Electrical Use 


Lengthwise 
12,000 


Lengthwise 


Highest Density 
Maximum Hardness 


Lengthwise 
12,500 


Crosswise 
7,500 





Crosswise 
13,000 


Lengthwise 
15,000 











Izod Impact — Ft/Ibs per 
in. of Notch, Min. 





Density — G. per Cu. Cm. 
Min, 

Water Absorption 
Change in Wt. % Mox. 


Dielectric Strength 
Volts per Mil. Min. 


low heat conductivity oil, grease and solvent resistant, light weight, tough, resilient, high 
mechanical and electrical properties, easily machined and formed, wear resistant, economical. 


Write for a free copy of Spaulding’s new booklet, ‘‘Vulcanized Fibre Engineering Data” 


SPAULDING FIBRE COMPANY, INC. 


321 Wheeler Street 
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CUTS ASSEMBLY TIME 


Pump impeller fastens to motor shaft, 
eliminating stub shaft, couplings and 
outboard bearings. Fewer parts, less 


ELIMINATES ADAPTER CASTING 


Seal cavity in end-casting enables 
mounting of pump without adopter 
casting. Reduces labor cost and parts 


assembly labor. inventory. 


$/S MOTOR SHAFT IS RUSTPROOF TOTAL WEIGHT IS GREATLY REDUCED 


Corrosionproof stainless steel shaft Integrated pump and motor save 
guards against excess wear and space and weight. Franklineering 
seal leakage. Improves performance improves product appearance and 
and longevity. performance, and cuts costs. 


Precision-machined surfaces of mounting end are concentric with shaft to 
assure proper alignment of motor with powered product. Application- 
engineered to fit your products, the Uniseal Motor is available with or 
less base. Operates in horizontal or vertical position. 


" ; 
Franklineering oe 

describes Franklin Electric Company’s advanced methods employed in design 

and production of application-engineered motors. Manufacturers who in- 

corporate these motors with their products enjoy cost advantages in addi- 

tion to superior performance. In the competitive water system market, 


leading manufacturers prefer dependable Franklineered Motors to provide 
product reliability. 


Get the facts .. . write for Data Folder P86013 


345 EAST SPRING ST. * BLUFFTON, INDIANA 
HOME OF DEPENDABLE ELECTRIC MOTORS 
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BNC CONNECTORS 


Assembly-time savings of 50°7, measurable increase in systems reliabil- 
ity—these are the clearcut advantages of AMPHENOL’S new Quick-Crimp 
BNC connectors! Because there are only 3 basic parts plus an optional 
boot to assemble (compared with as many as 10 in a standard BNC) 
Quick-Crimps are prepared in half the usual time, even by inexperi- 
enced personnel! Because critical pre-assembly work has already been 
done the finished Quick-Crimp assembly is highly reliable. Let Quick- 


Crimps solve your RF assembly problems! 


Available Now! Write for Complete Cataloging 


(AMPHENDOL) CONNECTOR DIVISION 1830 S. 54th Ave., Chicago 50, Illinois 


Amphenol-Borg Electronics Corporation 
U.S. Patent Pending 
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SEPTEMBER 


LIGHTER 


EXCEPTIONALLY 
ACCURATE... 
STRONG... 
ECONOMICAL... 


WHEN DIE CAST with 


WESTON has been using these wafer-thin 
zinc die castings for the front and back 
covers of this world-famous exposure meter 
for 14 years. 

Converting from an all-plastic case in 
1945, Weston selected zinc die casting alloys 
for this popular precision instrument because 
ZAMAK offered the most inall-’round advan- 
tages. High strength combined with the 
lightness of a thin-wall zinc die casting were 
primary considerations. 

Extreme accuracy of dimensions, as-cast, 
and the convenience of casting contours on 
the inside of the case for mounting to the 
instrument were additionally important val- 
ues. Ease of assembly of the tamper-proof 
construction and a lasting, satin-chrome fin- 
ish were extra dividends — all of these and 
economy, too, when die cast with ZAMAK 
alloys. 

As in many other applications, such 
extremely thin wall sections — possible only 
with zine die castings — minimize weight and 
are stronger in proportion to thickness than 
heavier sections. Such parts designed for 
ZAMAK alloy die casting will more than 
meet competition of either stampings or 
aluminum castings — provide many more 
advantages and all at lower cost. 


HORSE HEAD® SPECIAL ZINC AND HORSE HEAD ZAMAK ARE PRODUCED BY 


THE NEW JERSEY ZINC COMPANY | 


DEVELOPERS OF THE QOL STANDARD. ZK DRE CASTERS. ALLEYS. C2 
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First wrap applied to this coil is unsupported silicone- ing, a wrap of glass-supported tape; finally, a wrap of 
rubber tape, rectangular or triangular-cut; then, for armor- “‘Dacron’’-and-glass for abrasion-resistance. 


The Porter line of silicone tapes for Class H and Class B 

insulation gives you the widest selection now available. 

® Unvulcanized, semi-vulcanized, and self-bonding silicones 
Cee SILICONE TAPES are calendered on square-cut glass cloth, bias-woven glass 
cloth, or “‘Dacron’’-and-glass, depending on your needs. 

Extruded and calendered unsupported tapes are available 


a : 
7 to you in rectangular or triangular shapes, cured, semi- 
se68 e in us ry S cured, or self-fusing. 


These materials, used singly or in combinations, are 
a designed to provide you with degrees of elongation, dielec- 
most complete line tric strength, and other properties for all winding needs. 
Get full information on Porter Silicone Tapes by writing 
Thermoid Division, H. K. Porter Company, Inc., Tacony 
& Comly Sts., Philadelphia 24, Pa. 


THERMOID DIVISION |‘; Eat H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY: with Rubber and Friction Products—THERMOID DIVISION; Electrical Equipment—DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION: 

Specialty Alloys—RIVERSIDE-ALLOY METAL DIVISION; Refractories—REFRACTORIES DIVISION; Electric Furnace Steel—CONNORS STEEL DIVISION, VULCAN-KIDD STEEL DIVI- 

SION; Fabricated Products—DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE ROPE DIVISION, MOULDINGS DIVISION, H. K. PORTER COMPANY de MEXICO, 
S. A.; and in Canada, Refractories, “Disston” Tools, “Federal” Wires and Cables, ‘‘Nepcoduct” Systems—H. K. PORTER COMPANY (CANADA) LTD 
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Gear assembly improved. A Waldes Truarc Series 5100 retaining ring in this anti- 
backlash gear assembly eliminates machining and staking operations, reduces hub size, 
and allows easy disassembly, after gears are cut as a unit, for faster, better deburring. 
Typical savings: $350.00 per 1000 units. 


Threaded retainers eliminated. In this self-sealing coupling, costly internal and 
external threaded retainers were eliminated by easy-to-apply internal (Series 5000) and 
external (Series 5108) Truarc retaining rings. Savings per unit amounted to $4.02. 


Y 

7 
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es RNS by 


AS REE eee ar en 


End-cover design simplified. In this general-purpose pump, two Waldes Truarc, 
Series 5000, internal retaining rings make possible the elimination of two cover-plate 
castings (plus machining) and eight screws (plus drilling and tapping). Weight and dimen- 
sions are reduced and assembly and disassembly are greatly facilitated. Typical cost 
savings: $1.48 per unit. 


©1959 WALDES KOHINOOR, INC. 


7~ WALDES 


x TRUARC 


= RETAINING RINGS 


Walides Kohinoor inc., Long Isiand City 1, N.Y. 


Designing for 
axial assembly 
with Truarc 


retaining rings 


eliminates parts, machining, speeds 
assembly, simplifies maintenance 


The proper application of retaining rings on or 
in axial assemblies can often effect startling 
simplifications and economies in design when 
compared to corresponding designs with con- 
ventional fastening devices. A few typical ex- 
amples, using basic types of retaining rings, 
are shown in the accompanying drawings. 

Threading, tapping, drilling, facing and other 
costly, time-consuming operations can be 
eliminated. Retaining rings are already in wide 
use in a tremendous variety of equipment rang: 
ing from household products to high-precision 
military gear designed for use under the most 
severe environmental conditions. They are 
quickly and simply installed in easily cut grooves 
which can often be machined simultaneously 
with other operations. The rings can frequently 
replace bulkier, more costly fastening devices 
—such as nuts, screws, studs, threaded sleeves 
and retainers, cotter pins, set collars, rivets 
and machined shoulders. 

What’s more, rings frequently make prac- 
tical designs which could be achieved with no 
other known fastening device. 

Although the ring types shown here are basic, 
Truarc retaining rings come in 50 functionally 
different types, as many as 97 different sizes 
within a type, 6 metal specifications and 13 
finishes. You'll find detailed descriptions of 
Truarc retaining rings and assembly tools, plus 
more than 70 typical applications in the new 
24-page catalogue RR10-58. Write for your copy 
today. 

And remember, Waldes engineers are always 
ready to help you solve your application prob- 
lems — whether it involves one of the standard 
Truarc rings or a ‘‘special’’ to fit your particular 
requirements. Waldes Kohinoor, Inc., 47-16 
Austel Place, Long Island City 1, N. Y. 9.1 


TRUARC RETAINING RINGS...THE ENGINEERED FASTENING METHOD FOR REDUCING MATERIAL, MACHINING AND ASSEMBLY COSTS 
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Repeated Starts, Stops, Reversals 
Needed For This Motor Drive... 


Motor Drive for 
Rotary File 


What Are Your Motor Requirements? 


A business machine manufacturer came to us with this prob- 
lem: he wanted a motor developed that would provide push- 
button operation for a rotary file in which thousands of records 


could be mounted on a large wheel. 


Requirements for the motor were that it must be capable of 
repeated starts, stops and reversals . . . that it incorporate a 
special gear train that would assure quiet operation through 
many thousand hours of service . . . that it provide for quick 


and accurate stopping (accomplished with a magnetic brake). 


Your motor requirements may be entirely different. But what- 
ever they are, we will bring to the problem 44 years of widely 
diversified experience in the field of small motors to help you 


obtain the results you desire. 


THE LAMB ELECTRIC COMPANY : KENT, OHIO 


A Division of American Machine and Metals, Inc 


In Canada: Lamb Electric — Division of Sangamo Company Ltd.—Leaside, Ontario 


? wh Elecluic 


reactionar Horserower MOTORS 
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Actuator motor for auto- 
matic supermarket scale. 


Frame 2% x 1%. 


%6 Horsepower motor with 
two-stage fan—the standard 
for high performance domes- 
tic canister-type cleaners. 


Four-pole split phase motor 
with resilient cradle base for 
business machines. Frame 


4%. x 2% 


110 Volt DC servo motor de- 
signed with maximum torque- 
to-inertia ratio for tape reel 
drive on computers. Frame 
5% x 6. 


Write for your copy... 
8-page folder describes 
these and other Lamb Electric 
motors. 
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THE TORRINGTON més 
TORRINGTON, CONNECTICUT + VA 


. ae 
THE | 


‘ \ ‘ 
\ BASIC: METHODS 


‘OF MOVING AIR 
HAVEN'T CHANGED 


BUT TORRINGTON HAS 
DEVELOPED HUNDREDS 
OF THOUSANDS OF 
VARIATIONS OF THOSE 
BASIC METHODS 

IN PROVIDING PEAK 
AIR MOVING EFFICIENCY 
TO INDUSTRY. 


THAT'S WHY MOST 
PRODUCT DEVELOPMENT 
ENGINEERS TURN 

THEIR AIR MOVING 
PROBLEMS OVER TO 
TORRINGTON! 





Ingenious, ultra-convenient... 


NEW(1p)196A OSCILLOSCOPE CAMERA 


combines every feature you’ve wanted 


FULL-SIZE, DISTORTION-FREE 
PICTURES. Full picture area 
may be scaled. 


SHARP, CLEAR PICTURES, 
JUST LIKE CRT ITSELF. New 
f/1.8lens has a flat field. 


ADJUST CAMERA ON SCOPE. 
Not necessary to remove camera 
to set f-stop and shutter. 


SIMPLE, ONE-HAND MOUNT- 
ING. Easy clamp mounts camera 
on scope with “quick-lock” tab. 


MULTIPLE EXPOSURES ARE 
EASY. With one hand, move lens 
through 11 detented positions. 


EASY TAB PULLING. Polaroid® 
Land Camera back is securely 
fastened. 


INSURED AGAINST LIGHT 
LEAKS; uses professional cam- 
era bellows. 


WEAR GLASSES? Keep 'em on 
while viewing image with both 


eyes. 


Up to 11 equally spaced Two 4 x 10 cm field New -hp- 196A Camera 
exposures available exposures. No overlapping on -hp- 120A Oscilloscope 


The new # 196A Oscilloscope Camera is the light leakage is eliminated; mounting and 
most convenient means yet devised for re- unmounting takes just seconds; the entire 
cording oscilloscope traces. Operation is ex- unit is light weight, rugged, compact, yet a 
tremely simple and swift; loss of film from precision instrument in every respect. 


Check the specifications below, and ask your 4 representative for demonstration on your oscilloscope. 


Object /image Ratio: 1 to 0.9. (Adjustable to 1:1 Film: Polaroid ® Land types 42, 44, 
ratio) 46, 46-L. 


Lens: Wollensak 3” (75 mm) ize: Yo” ” hi 
/1.9 Oscillo-Raptar = > tepals 
Shutter: Alphax #3. Time, Bulb, Weight 9 Ibs. 
2/200, 1/50, 1/25, Accessories Available: Carrying case, Tektronix 
1/10, 1/5, dant 
1/2, 1 second adapter 
Print Size: 2-7/8” x 3-13/16” Price: $425.00 


Data subject to change without notice. Prices f.o.b. factory. 


HEWLETT-PACKARD COMPANY 


1015M PAGE MILL ROAD * PALO ALTO, CALIFORNIA, U.S.A. * CABLE “HEWPACK"” « DAVENPORT 5-4451 
HEWLETT-PACKARD S.A., RUE DU VIEUX BILLARD NO. 1 * GENEVA, SWITZERLAND « CABLE “HEWPACKSA”" « TEL. NO. (022) 26. 43. 36 


@® REG. T.M. POLAROID CORP., CAMBRIDGE, MASS. Field representatives in all principal areas 6038 


WORLD LEADER IN PRECISION TEST INSTRUMENTATION 
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Armco Oriented M-5... 


Now in production 
SIC MUCP ul imal «= 
loss of only .58 
watts per pound—and 
higher permeability. 


CORE LOSS — WATTS PER POUND 


Armco’s new Oriented M-S5 electrical steel gives pro- 
ducers of distribution and high-performance wound core 
transformers opportunities to make substantial savings 
by reducing size or stepping-up operating efficiency. 

Outstanding advantage of this new electrical steel is 
its low core loss. The limit for maximum core loss at 60 
cycles and 15 kilogausses has been reduced to only .58 
watts/lb. This is approximately 10% less than the guar- 
anteed core loss for the M-6 grade. Supplementing 
this important improvement, Armco Oriented M-5 has 
materially higher permeability at high inductions than 
oriented silicon steels previously available. 

The new Armco Electrical Steel is produced in 12-mil 
thickness and in coils from ¥% to 31 inches wide. In- 


New steels are 
born at 
anes 


Improvement in Core Loss. 
Armco Oriented Steel. 


(60 CYCLES, 15 KILOGAUSSES) 


1950 
YEAR 


sulations available are the natural annealing oxide or 
Armco’s thin, high-resistivity CARLITE. 

For complete information on this transformer-im- 
proving material, another Armco pioneered develop- 
ment in electrical steels, just fill out and mail the coupon. 


4 
ARMCO STEEL CORPORATION, 2879 Curtis Street, Middletown, Ohio 


Send me complete information on your new electrical steel, 
Armco Oriented M-5 


Name : ; Title 


Company 
Street 


Zone _ State 


Armco Division * Sheffield Division * The National Supply Company * Armco Drainage & Metal Products, 
Inc. * The Armco International Corporation * Union Wire Rope Corporation * Southwest Steel Products 


SEPTEMBER 1959 


Circle 123 on page 17 





A complete 


ESSEX® line of 


APPLIANCE WIRE 
AND CABLE 


Samples Approved by CSA — Bears UL Label 


SOLVES ALL YOUR 
WIRE AND CABLE 
NEEDS QUICKLY, LEAD WIRES 


ECONOMICALLY...AND Thermoplastic, Rubber 
Neoprene and Silicone 


ON SPECIAL PROBLEMS (Sil-X)° 
CALL YOUR LOCAL INTERNAL REFRIGERATION, 


ESSEX OFFICE FOR HELP ROOM COOLER AND AIR 
CONDITIONING WIRES Other E Engi d 
IN CHOOSING THE SS 


BEST TYPEANOD SIZE Pomen Servet CONeS SUBMERSIBLE CABLE 
FOR YOUR APPLICATION FLEXIBLE CORDS AUTOMOTIVE CABLE 


HEATER WIRE WELDING CABLE 


Consult your /oca/ Essex office or write for samples and complete information. 


ESSEX WIRE CORPORATION 


Wire and Cable Division 


PRODUCTS FORT WAYNE, INDIANA 


Circle 124 on page 17 ELECTRICAL MANUFACTURING 





Naugatuck VIBRIN 


Above — Relay transformers molded of Vibrin are externally mounted over 
the porcelain bushings of a 46,000-volt power transformer. 


Left — 3'/)-Ib. current transformer is compared with one weighing 425 Ibs., 
believed largest ever made. Both are protected with Vibrin. 


World's largest electrical molded transformer... 


potted and housed with VIBRIN 


Associated Engineering Company—developer of the first 
electrical instrument transformers to take advantage of a 
polyester resin for both insulation and housing — has used 
Vibrin® from the start. 

Chosen because of its high dielectric strength, proved 
resistance to weathering, and desirable casting properties, 
Vibrin effectively shields against salt water, acids, alkalies, 
sulphur and other corrosive chemicals. Poured into a mold 


around the core and coils, the Vibrin hardens to form a one- 
piece unit with even the attaching lugs molded in. Produc- 
tion time and costs of metal housings, porcelain bushings, 
and oil or asphaltic insulating compounds are eliminated. 
Whatever your potting or encapsulating need, small 
or large, simple or involved, investigate the advantages a 
superior-quality Vibrin resin offers you. Write our nearest 
district office or address below for more information. 


United States 


Naugatuck Chemical Division 


Rubber 


842V ELM STREET 
NAUGATUCK, CONNECTICUT 


KRALASTIC RUBBER-RESINS @ MARVINOL VINYLS © VIBRIN POLYESTERS 
Akron + Boston + Gastonia - Chicago - Los Angeles - Memphis - NewYork - Phila. - CANADA: Naugatuck Chemicals - Elmira, Ont. - Cable: Rubexport, N.Y. 
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IF YOU MAKE ANY OF THESE 


T FOR CORROSION RESISTANCE 


AND HIGH STRENGTH NEEDS 
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See what Allegheny Stainless steel 
wire can do to cut your costs 


The assurance of uniform quality, order after order, shows 
up in lower shop costs in whatever you make from stainless 
steel wire. A-L specifications are faithful in every batch— 
in all grades of stainless steel cold-drawn wire, tempered to 
match many correlations of hardness and tensile strength. 

If you make springs, you get uniform tensile strength in 
every batch of spring wire . . 

In weaving wire you get the same dead-soft temper and 
uniform properties for perfect weaving without ridges. 

In cold-headed wire you get absolute uniformity that 
ties in with automation production processes. 


. and also with rope wire. 


758e 


Call on the A-L technical staff for help with selection 
or fabrication problems, or help in cutting shop costs in 
processing operations. They will be glad to work with you. 

Whatever you make in stainless wire, Allegheny Ludlum 
offers you adequate stocks of all standard grades for fast 
shipment. Special stainless steel wire on order. 

Allegheny Ludlum Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. Address Dept. EM-21. 

Write for your copy of Allegheny Stainless Wire, 

Illustrated 20-page booklet, which fully describes 


analyses, physical properties, corrosion resistance 
and principal applications of stainless wire. 


ALLEGHENY LUDLUM 


for warehouse delivery of Allegheny Stainless, call RYERSON 
Export distribution: AIRCO INTERNATIONAL 


EVERY FORM OF STAINLESS... 
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Tala 
CONTROL 
COMPONENT 
LINE YOU CAN 
STAKE YOUR 
REPUTATION ON 


Auviliaries: standard, low power 


AC Solenoid Contactors * NEMA sizes: 00 to 5 


Dependable thermal O.L. relays 


it’s completely versatile and designed for both standard and specialized controls 


From the little Size 00’s to the powerful 
Size 5 contactors you'll find maximum 
reliability built right in... whether your 
application is in motor control, resistive 
heating or lamp switching. 

Meticulous attention to design features 
guarantees you top-notch performance 

. especially where hi-reliability is a 
“must.” All AC and DC contactors for 
example, come equipped with simple, 
fast-acting, trouble-free solenoids. There 
are no complicated linkages or poten- 
tially troublesome pins or bearings. . 
no adjustments needed either. 

The main and auxiliary contacts are 
of the double break type designed for 
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maximum reliability even where high in- 
rush currents are met. Contacts are ac- 
cessible for inspection, too! 

Other key contactor design features 
include: identical mounting centers for 
AC and DC; all units designed for front- 
of-board wiring and mounting; magnetic 
blowouts furnished above 25 amp. size 
on DC; fully accessible terminals make 
installation easy. 

On your next control job, standard or 
special, specify W/L Control Compo- 
nents. Send for detailed Control Catalog: 
Ward Leonard Electric Co., 34 South St., 
Mount Vernon, N. Y. (In Canada: Ward 
Leonard of Canada, Ltd., Toronto.) os 
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AC and DC power relays, too 


WARD 


LEONARD 


ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 


LIVE BETTER... E/ectrically 


BRlO-E ryincored Contiols Since (892 


FiO! 


’ 
RESISTORS | RHEOSTATS} 


% His 


‘ ‘ 
RELAYS {CONTROLS} DIMMERS 
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quality for your product... 


GENERAL ELECTRIC 7@/55)CLAD MOTORS PROVE 
THEY PROVIDE IT BY PASSING TORTURE TEST 


HERE’S HOW: G-E Tri/Clad ‘55’ polyphase motors 
are more fully enclosed than ordinary dripproof 
motors. This extra protection makes them suitable 
for many jobs which normally require splashproof 
motors . . . extra protection at no extra cost. 

Mylar* polyester film slot and phase insulation, 
non-wicking leads, and water-resistant stator coating 
give long-life protection against moisture. Formext 
magnet wire provides protection against heat-aging 
and dirt. Heavy-duty bearing system keeps lubri- 
cant in, abrasive dust out. And rigid cast-iron frame 
and endshields and melamine paint finish protect 
G-E motors against external damage. 


*Registered Trade-mark of DuPont Co. 


These are just some of the outstanding Tri/Clad 
‘55’ motor features which mean longer life, more 
dependable operation—improve the quality and 
saleability of your product at no extra cost to you 
or your customers! 


CONTACT your nearest G-E Apparatus Sales Office 
for personal proof on how G-E Tri/Clad ‘55’ motors 
can give better operating protection to your prod- 
ucts. And ask for your free copy of descriptive 
bulletins, GEA-5980 and GEA-6602, or write to 
Section 840-19, General Electric Company, Schenec- 
tady 5, New York. 


tRegistered Trade-mark of General Electric Co. 


GENERAL @@ ELECTRIC 


Rigid Cast-iron Frame 


Solid-cast Rotor Windings 


Water-shedding Stator Windings 


Press-fitted, 
Pin-locked Stator Core 


Efficient Ventilation System 


Standard dripproof Tri/Clad '55" motor. 


Easy-access Conduit Box 


Fully-protective Endshields 


Advanced Bearing System 


Polyester Film Slot and Phase Insulation 


Long-life Bearing 
System seals dirt out, 
has new longer-lasting 
grease, can beregreased. 


Formex Wire insulation will 
not break under severe con- 
ditions —protects against heat- 
aging and abrasive dust. 


Water-resistant Coating 
applied to every stator assem- 
bly virtually eliminates insula- 
tion failure due to moisture. 


Mylar Insulation pro- 
tects against moisture; 
assures longer motor life, 
minimum maintenance. 





SPS RELIABILITY 


A dynamic standard of predictable performance 


The big change is in the threads 


a 


Crest of Internal Thread dm 


Root Radius of Unbrako Hi-Life 
Cap Screw Thread 
Ww 


STRESSES ARE DISTRIBUTED. Photoelastic study shows how the thread root radius of the new UNBRAKO Hi-Life socket 
cap screw blends smoothly into the flanks of the threads to reduce stress concentration and increase fastener fatigue life. 


Improved thread root form, Radiused thread root lengthens fatigue life as much as 100% and 
developed by SPS reseurch on increases tensile strength of new UNBRAKO Hi-Life socket cap screws. 
For the first time, this high-strength thread design is available to 
industrial users. Higher reliability of new fasteners provides assur- 
standard on all new UNBRAKO ance of longer life for your product. Bulletin 2577 gives complete 
details. Ask your authorized SPS industrial distributor for a copy. 
Or write SPS—manufacturer of precision threaded industrial fasteners 
and allied products in many metals, including titanium. 


high-strength fasteners, now 


Hi-Life socket head cap screws. 


And at no increase in price. 


INDUSTRIAL FASTENER Division $ps 


JENKINTOWN 9, PENNSYLVANIA 
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Leah 


fixed composition RESISTORS 


Today’s slickest looking resistors . . 


. and every bit 


Cre (Xe: MEM Ae te Lda Me lM Lal| 


PIE MIE lace 


They're approved resistors— 


direct from a MIL-R-Il approved manufacturer. And 


now, for the first time, you can get such resistors in 

a full line of RC-42 (2-watt); RC-32 (l-watt) and 
RC-20 (4-watt) types IMMEDIATELY 

MES le Ml ee 


rock-bottom prices! 


Now! PICK'EM OFF ©). 


DISTRIBUTORS’ SHELVES! | 


- « - for military prototypes, small runs, production emergencies 
or “hurry-up” projects 


in any standard value or tolerance 
at lowest prices in lots up to 1,000 resistors of a value 


Complete stocks — and we mean 
complete—in the hands of the 28 
selected Stackpole distributors 
listed below help you handle every 
job with highest quality resistors, 


BALTIMORE, MD. 


Kann-Ellert Electronics, Inc, 
BATTLE CREEK, MICH. 

Electronic Supply Corp. 
BIRMINGHAM, ALA. 

MG Electrical Supply Co. 
BOSTON, MASS. 

Sager Electrical Supply 
BROOKLYN, N. Y. 

Electronic Equipment Corp. 
CLEVELAND, OHIO 

Pioneer Electronic Supply Co. 
DALLAS, TEXAS 

Wholesale Electronics Supply Co 


DAYTON, OHIO 


Srepco, Inc. 
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DENVER, COLO. 
Denver Electronics Supply Co 
GLENDALE, CALIF. 
R. V. Weatherford Company 
INDIANAPOLIS, INDIANA 
Radio Distg. Co. 
KANSAS CITY, MO. 
Burstein-Applebee Co. 
MELBOURNE, FLORIDA 
Electronic Supply 
MIAMI, FLORIDA 
Electronic Supply 
NEW YORK, N. Y, 
Harvey Radio Co. 
PHILADELPHIA, PA. 
Almo Radio Co. 


fully proved and accepted for criti- 
cal applications. Equally important, 
you. actually get 
factory prices in lots up to 1,000 
of a value! 


em at less than 


SAN DIEGO, CALIF. 

Radio Parts Co. 
SCRANTON, PA. 

Fred P. Pursell 
SEATTLE, WASH. 

C & G Radio Supply Co. 
ST. LOUIS, MO. 


Interstate Supply Co. 
SYRACUSE, N. Y. 


Morris Electronics of Syracuse 
TACOMA, WASH. 

C & G Radio Supply Co. 
WASHINGTON, D. C. 


Electronic Wholesalers, Inc. 


WATERBURY, CONN. 
Bond Radio Supply Co. Inc 
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WEST PALM BEACH, FLA. 
Goddard Distributors, Inc. 


WICHITA, KANSAS 


Interstate Electronic Sup. Corp 


WILBRAHAM, MASS. 


Industrial Components Corp 


WINSTON-SALEM, N. C. 
Dalton-Hege Radio Supply 


... and G C/STACKPOLE, T00! 


Attractively packaged by G-C 
Electronics for service replace- 
ment uses, Coldite 70+ Resis- 
tors are also available through 
over 800 G-C distributors 



























MINIATURIZED UNITS 


UTC has led the high Q coil and filter fields for over 25 years. Fresh examples of this 
leadership are represented in the UTC Minifilters and Miniductors described below. Though 
greatly miniaturized, the designs are conservative and will provide the exceptional reliability 
associated with ali UTC products. 


UTC MINIFILTERS 


Hermetically sealed to MIL-T-27A and MIL-F-18327 Specs. 


UTC stock interstage filters have been an industry standard for over a decade. The new UTC 
miniature filters provide almost the same characteristics in an extremely miniaturized package 
Attenuation of these minifilters is only slightly less than their larger counterparts, as is operating 
level. Special minifilters can be supplied for any frequency above the minimum shown for each 
group. Straight pin terminals are provided for printed or standard circuits 

BPM units (band pass) have 2:1 gain. Attenuation is approximately 2 db + 3% from center 
frequency, and 35 db per octave as shown. Input 10,000 ohms, output to grid, tapped for 10,000 
ohms output to provide flexibility in transistor circuits 

HPM units (high pass) have a loss of less than 6 db at cutoff frequency, and an attenuation 
of 30 db at .67 cutoff frequency. Input and output 10,000 ohms 

LPM units (low pass) have a loss of less than 6 db at cutoff frequency, and an attenuation 
of 30 db at 1.5 cutoff frequency. Input and output 10,000 ohms 











STANDARD FILTERS STOCK FREQUENCIES 


BPM—400 LPM—200 
BPM—1000 LPM—500 











BPM—2000 LPM—1000 
BPM—10000 LPM—2000 
HPM—500 LPM—3000 
HPM—1000 LPM—5000 





UTC MINIDUCTORS 


Hermetically sealed to MIL-T-27A Specs., MIL type TFSRX20YY 


UTC Miniductors are ideal for transistor and printed circuit applications, providing high Q in miniature form. The ML-1 
to 4 units are for medium low frequencies, adjusted to + 3% at 1 V. 1 KC Fhe L-5 thru 10 series are for lower 
frequencies, adjusted to + 3% at 1 V. 400 cycles. The MM and MH units are for medium and high frequencies, adjusted 
to a tolerance of + 2%. Temperature stability is excellent on all Miniductors, + 1% from —55° C. to + 100 
The ML group are in a Hipermalloy shield case ... The MM and MH coils are symmetrical toroids for high coupling 
attenuation and low hum pickup. The DCMA MAX. shown is for approximately 5% drop in inductance 


Inductance DC MA 

































Type No. (0 DC) Max. 
ML-1 25 Hy 9 ML CASE 
ML-2 4 Hy 7 '¥ ' 1 ; 
ML.3 7 Hy 5 2 x M2 x Yo high 
ML-4 1.4 Hy 3 3 
ML-5 2.5 Hy ] 
ML-6 4.0 Hy a 
ML-7 6.0 Hy t 
ML-8 10 Hy 5 4 
ML-9 25. «Hy 3 7: 
ML-10 60 Hy 2 
MM-1 3. Mhy 50 { 
MM-2 5. Mhy. 40 
MM-3 8.0 Mhy 30 MM, Mit CASE 
MM-4 = =-12.5 Mhy 25 ie Dia. x % bigh 
MH-1 & Mhy 75 
MH-2 1.5 Mhy 37 
MH-3 2.5 Mhy 28 
MH-4 6 Mhy 23 ACTUAL SIZE 
And Special Units to UNITED TRANSFORMER CORPORATION |. 


Se 150 Vorick Street, New York 13, N. Y. 
Your Specifications PACIFIC MFG. DIVISION: 4008 W. JEFFERSON BLVD., LOS ANGELES 3a CALIF. 
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N.Y. CARRES: “ARAB” 
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BASIC REQUIREME 
for outer space 


The space/missile era has made it essential for to- 
day's components and systems to function precisely 
in environments that are literally out-of-this-world. 
Such stringent requirements can only be met by 
companies long experienced in component design 
and with proved records of imaginative engineering. 
Kearfott, long the leader in servo component design 
and production, has consistently looked into the 
future to anticipate the increased performance char- 
acteristics missile components must supply. As a 
result, it has not only developed an entirely new 
generation of precision components but established 
the ability to create radically new concepts in sensors 
and control elements. 


THE PROBLEM: HIGH ACCURACY 

THE SOLUTION: Synchros with maximum error from elec- 
trical zero of 20 seconds. Tachometers with linearity .05% 
over the speed and temperature range. 


THE PROBLEM: HIGH AND LOW TEMPERATURE 
THE SOLUTION: Servomotors, synchros and tachometers 
are now available for the temperature range of —54°C 
to 200°C 
range to 400° C, 


with new developments soon to increase the 


THE PROBLEM: RADIATION RESISTANCE 
THE SOLUTION: Kearfott 
tachometers operate at 200°C and can withstand radia- 


servomotors, synchros and 


tion of 10° through 10" roentgens. 


THE PROBLEM: SHOCK AND VIBRATION 

THE SOLUTION: All Kearfott components can be supplied 
to function as required during or after 20 g’s shock o1 
2000 cps vibration. 


THE PROBLEM: MINIATURIZATION 
THE SOLUTION: Size 5 synchros and servomotors. Size 8 
components are outstanding examples of Kearfott’s ability 


to combine miniaturization with precise performance. 


THE PROBLEM: LONG LIFE 
THE SOLUTION: Components are being developed which 
will operate continuously for 12 months in a total vacuum, 


the environment of outer space. 


Representative of Kearfott’s ability to look ahead are 
such current areas of development as Solid State 
Transducers and Control System Components. You 
can take advantage of Kearfott’s long- 
established know how in developing precision 
components for today — and tomorrow — by 
writing for details concerning your specific 
requirements. 


Engineers: Kearfott offers challenging opportunities 


in advanced component and system development. 
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SIZE 25 


SIZE 11 


A 
GENERAL 


Kearfou PRECISION 


COMPANY 


t amend 


KEARFOTT COMPANY, INC., LITTLE FALLS, WN. J. 


A subsidiary of General Precision Equipment Corporation 
ales and Engineering Offices 1500 Moin Avenue, Clifton, N J 
Midwest Office 23 W Calendar Avenue, La Grange, Iilinois 

South Central Office. 6211 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, California 
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We make 

sO many sizes... 

your “specials” 

could be our “standards” 


Spherical Roller Thrust Bearing 


We regularly produce all of the 
bearings shown here in a 
tremendous variety of bores, 
outside diameters, and widths. 
‘Take just the Tyson tapered roller 
bearing, for example. We make 
nearly 1,000 sizes of the single-row, 
straight bore type alone! Bore 
sizes range from five-eighths of an inch 
right up to a precise fourteen 
inches. And these figures don’t 
include the many other sizes 
available in our double- and 
four-row types. es 
Yel they are all standard S&F @ Cylindrical 
bearings, promptly available . Roller Bearing _ 
in large quantities at i sian ai 
competitive prices. 
So, why not get full details 
on the most complete line in the i Sn 
business? Any of our twenty-five . pT RC a CT aul 4 
sales offices can quote you facts and 
figures. Just call the one near you. 


EVERY TYPE—-EVERY USE 


okKF. 


SKF INDUSTRIES. INC. PHILADELPHIA 32. PA. 


* REG. U.S. PAT. OFF. 
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for Day-In 


STOCK RELAYS | Dey-0u 
Reliability 


For Severe Shock and Vibration 


A rugged relay, particularly adaptable to aircraft and mobile applications. 
Design of molded parts around contact arms prevents mechanical injury. 
Available in twenty-three 3-pole and 4-pole types. Coil Wattage: 3.00 
watts, DC operation; 6.00 watts, 60 cycle AC. Maximum temperature 
rise 45° C, DC; 75° C, AC. Coil Operating Voltages: from 6 to 230 
VAC (60 cycles) and 6 to 220 VDC. Contacts: Fine silver. Rated for 
115 VAC or 32 VDC, non-inductive load. Weight: 3-pole, approximately 
5 ounces; 4-pole, 6 ounces. 


Compact and Lightweight 


A general-purpose relay of wide application. Handles loads usually de- 
manded of much larger relays. Meets rigorous aircraft relay standards. 
Twenty single-and double-pole types. Coil Wattage: 2.5 watts, DC; 3 
watts, 60 cycle AC. Maximum temperature 45° C, DC; 65° C, AC. 
Coil Operating Voltages: from 6 to 230 VAC (60 cycles) and 6 to 220 
VDC. Contacts: Fine silver is standard. Rated for 115 VAC or 32 VDC, 
non-inductive load. Weight: Approximately 4 ounces. 


Twin Coils for Extra Sensitivity 


Similar in construction to Model DOS. The DOSY relay is adaptable to 
a wide range of electronic applications such as plate circuit controls or 
as overload or underload controls in DC circuits to signal attainment of 
predetermined current levels. Four single- and double-pole types. Coil 
Wattage: 1.00 watt, with maximum temperature rise of 45° C. Contacts: 
Fine silver. Rated for 115 VAC or 32 VDC, non-inductive load. Weight: 
Approximately 4/2 ounces. 


Write for Stock Catalog 30 
Also other quality relays of many types 


RHEOSTATS © RESISTORS © RELAYS 
TAP SWITCHES © R.F. CHOKES 
VARIABLE TRANSFORMERS 
TANTALUM CAPACITORS 
GERMANIUM DIODES 


QUALITY 


Components OHMITE MANUFACTURING COMPANY 


3613 Howard Street, Skokie, Illinois 
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Now - INCREAS 
DIODE YIELD 
BY UP TO 


- 


AND REDUCE UNIT COSTS WITH EPOXY E-PAK SYSTEM! 


Now, Epoxy Products brings the mass produc- 
tion economy of the famous E-Pak system*to 
diode encapsulation! It works like this: the 
diode is inserted into a preformed yellow epoxy 
E-Form pellet... both pellet and diode are then 
placed in a molded epoxy case . . . heat is 
applied, the pellet melts, cures, seals the unit 
completely. It’s a quick, efficient operation that 
requires no expensive fixturing, yet meets all 
applicable Mil-Specs (including MIL Std. 202-A). 


This system eliminates glass to metal seals 
and the accompanying disadvantages of glass 


cracking, and weld contamination. Heat dissipa- 
tion is exceptional. 


These rugged epoxy packages are homoge- 
neous and resistant to 95% relative humidity 
for 1,000 hours. They can be cycled from —55° 
C to +200° C. The yellow pellet provides imme- 
diate cathode identification and quick visibility. 


lf you encapsulate diodes, every other method 
is now obsolete! Write today for complete in- 
formation and samples. Inquire, too, about the 
applications of E-Pak system to other semicon- 


ductor devices. 
* Patents applied for. 


A DIVISION OF JOSEPH WALDMAN & SONS 


PRODUCTS, INC. 


137 Coit Street, Irvington, New Jersey 
ESsex 5-6000 


EPOX 
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TIME DEL 


Y 


Provides time delay in ranges 
up to 9.5 minutes. Ideal for 


such applications as the 
protection of power tubes 
and/or operating preset 
operating cycles. Available in 


120 or 240 volt, 50 or 60 
cycle current. 


It takes Tough Testing to 
build Timing Performance 


When you buy a Haydon Timing Motor or Timing 
Device, you buy high quality and superior performance, 


because every production model and every new design 
has proved itself by passing the toughest, most exhaus- 


tive series of tests that our engineers can devise. 
Quality control at Haydon starts with a careful inspec- 
tion of all in-coming materials. It continues throughout 
production — with all parts and assemblies gaged, in- 
spected or physically tested after every operation that 
can affect the performance of the finished motor or 
device. Final step is an inspection of completed motors 
and timing devices. All units are performance tested 


for many hours under varying conditions and are check- 
ed for quiet operation. Percentage samples of each lot 


are checked for torque rating, timing accuracy, and ac- 
curacy and alignment of gears and shafts. In addition, 
all new designs and periodic samplings from production 
are subjected to special “life endurance” tests in which 
hundreds of units are run continuously under various 

. proving 


load conditions. In some instances, units have now been 


running ceaselessly for more than 10 years 
their ability to perform millions of cycles without failure! 


When you submit your timing problems to Haydon, you 
can be certain that our teams of engineers and other 
Timing Specialists have the experience, knowledge and 
facilities to supply devices designed, produced and 
tested to meet your needs exactly and perform accord- 


ing to your specifications. 
For further information, write now, outlining your 


timing requirements. 
DIVISION OF 
GENERAL TIME CORPORATION 


Haydon 
2533 EAST ELM STREET 
TORRINGTON, CONNECTICUT 


AT TORRINGTON 
Headquarters for Timing 
Circle 136 on page 17 
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400 CYCLE 
MOTOR 


These split phase motors 
provide the military an 
accurate approach to timing 
control for military 
applications. Rotor speed is 
3,000 RPM at 400 cycles, 115 
volt normal. Two models are 
available — Heavy Duty with 
18 gram millimeters torque at 
the rotor, and the Miniature 
with 5 gram millimeters at 
the rotor. These motors may 
be applied to Haydon gear 


trains if desired. 


CYCLE TIMER 


These units repeat a set cycle 
or sequence of operations as 
long as the motor is energized. 
Available in a wide choice of 
speeds, a broad range of 
timing intervals, and with a 
wide range of enclosed single 


pole, double throw switches 
for 120 and 240 volt operation, 


for 50 and 60 cycles 


Precise high-frequency drives for ya Adjustable frequency 
generators or converters 


multi-motor systems 
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Constant single- or multi- 6 High speed — high 
speed conveyor drives frequency operation 
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Below values are typical values bosed upon 100% pull-in torque with the external inertia equol 
to no more thon twice the rotor inertia. To obtain full load ond locked amps for other standard 
low voltoges, multiply below 220 volt volves by the inverse ratio of the voltages. For applica- 
tions with high external inertios, refer to factory with specific inertia volues. 


Full "oe Full Full 

Load Locked A Load Load Rotor 
Amps Rotor Power Effi- Wk? 
220 V. Torque 7 Factor ciency 


4.4 275 0 59 16 18 
46 200 22 
56 3 7 


18 
2 


22 
49 


EIT (Ibs. ft.) 


Syncro-Spede motors of differ 
ent ratings and output speeds 
can be synchronized from a 
STM C1 mm aecee rT en 
Se]V [Ge Meee OC] CMO) MELA LOLS 
speeds will hold their exact 
relationship within an oper- 
ating frequency range of 5 
to 1,000 cycles. This com 
bination provides precise ad- 
justable frequency power for seeeeeeeeseeeeses=se8 
many applications in the print- 

ing, paper, plastic, and tex- 


tile industries em so 


1000 1500 


| | 


| 
LO "| EFFICIENCY - Rs 


ee SHH 


POWER FACTOR 


The Syncro-Spede offers vir- Ete 4 
tually untimited usage. It is Fad 


much smaller than equivalent New- product news from Louis Allis fe AMPERES | 


reluctance and DC excited 
synchronous motors—outper- 20 40 60 80 100 120 140 160 
forms both and costs less. % RATED HORSEPOWER 
Under full load conditions, a 

standard squirrel cage induc- ENPROVED PERFORMANCE BATA 
tion motor may vary between 

WORE ee Atma me Ue T L i All ey ty d 

10% voltage variation — the - he ou Ss is yncro- pe e 
Syncre-Spede maintains exact 
synchronous speed 


eee ada 


e-.a synchronous motor built in the same NEMA frames 
as standard motors of equal horsepower! 


it’s compact, simple, versatile ...and trouble-freei 


The remarkable Louis Allis Syncro-Spede® Motor enables you to provide 
exact synchronous speed for any application for less cost — with fewer 
controls — and in less space than previously possible. 


If your equipment or operation calls for precise constant speed, check the 
i ener ie advantages this new motor offers you: 
MOCO Ene es Space-saving design — The revolutionary Syncro-Spede needs no external 
motors. With special rotor excitation, wound rotating fields, collector rings or brushes. It’s built in the 
designs, the Synero-Spede same standard NEMA frames as ordinary induction motors of equal horse- 
re UROL power. It requires less space — is virtually maintenance-free. 
a Wide range of enclosures — The Syncro-Spede can be provided in a wide 
variety of enclosures to meet special operating requirements. For example, 
Syncro-Spede is readily available in totally-enclosed fan-cooled and explosion 
proof enclosures — thus permitting installations which were difficult to make 
with D.C. excited synchronous motors. 
Unmatched versatility — Syncro-Spede is available in standard sizes up to 
100 hp, and even larger ratings for special applications. It can also be furnished 
in a wide range of mechanical modifications . . . base- or flange-mounted — as a 
gearmotor or brakemotor — even as a rolled-shell shaftless motor for “built-in” 
applications. 


For full particulars and expert application engineering help, contact your local 
Louis Allis District Office. Or write for Bulletin No. 1900 to The Louis Allis 
Co., 459 East Stewart Street, Milwaukee 1, Wisconsin. 


Syncro-Spede is a Trademark of The Louis Allis Company 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


LOUIS ALLIS 
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Every fo unit - you oT pluses at no plus in cost: ' rr non-rusting MUCH MORE 


and non-corroding Alumalloy construction . . . 60% lighter in weight than iron... 
safe and non-sparking . . . clean threads for faster, easier installation . . . and ed eRe) ed 
smooth interiors that won't skin wire or hands. 


CONDUIT 


BODIES 
“O” SERIES 


SPEEDOLETS 


EXPLOSION- 
PROOF 
FITTINGS 


ELECTRIC MANUFACTURING CO. | 


Vandeventer and Easton Aves. St. Lovis 13,Mo. | 
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One of the earliest and most basic break- 
throughs in fastener design was the common 
safety pin. And, although DOT is not a manu- 
facturer of safety pins, many a DOT industrial 
fastener has had an equally revolutionary effect 
on modern fastening technique. Hundreds of 
different DOT fasteners have created relatively 
minor revolutions in specific industries. 


A DOT fastener may save a few man- 
minutes of labor. It may save material. Or 
it may improve product performance and 
hence saleability. But multiply each small im- 
provement by the number of units in a true 
mass-production operation and the savings 
really pile up to impressive proportions. 


KER S 
Mie. 


* 
a 


Ss 
TEN® Atlanta, Boston, Chicago, Cleveland, Dallas, Detroit, Los Angeles, New York, Philadelphia, Syracuse 
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Rather than spend your own design staff's 
time on fastening problems, it might pay you 
well to call in DOT. You'll have at your serv- 
ice a design and production organization with 
large-scale facilities for genuine mass-produc- 
tion of special-purpose fasteners and _ self- 
fastening devices of all kinds. 

Supplementing the Carr Fastener Company 
are a number of other plants which form the 
United-Carr Fastener group. They are located 
in the principal production centers of the 
United States, Canada, England and Australia. 
Your nearest United-Carr Field office (see be- 
low) is no further away than a telephone call 
from your desk. 


CARR FASTENER COMPANY 


Cambridge 42, Massachusetts 


Offices In: 





FIELD-PROVED HONEYWELL COMPONENTS 


for measuring, balancing and positioning applications 


CONVERTERS 


Ay ip. 


These synchronously driven choppers 
handle d-c signals as small as 10-8 volt. 
Sensitive, stable performance. Avail- 
able with special features such as 
fungus proofing, grounded housing, 
mica-filled base, various contact per- 
centages. Weight: 10 0z. Prices from $39. 


MOTORS 


Designed for chart drives, servos and 
balancing circuits, these motors are 
available in three general types: Stack 
type, with easily maintained sectional 
housing; self-lubricated, oil-sealed type; 
and fungus-proofed, oil-sealed military 
motors. Prices from $40. 


AMPLIFIERS 


They amplify a d-c or a-c microvolt 
input signal sufficiently to drive one 
field of a two-phase balancing motor. 
Three stages of voltage amplification 
are followed by the power-output 
phase discriminator stage, which sup- 
plies power for the motor. Extremely 
low stray pickup . . . adjustable sensi- 
tivity . . . fast response. Priced from 
$110 to $250. 


ELECTRICAL CHARACTERISTICS 


354210-2 | 354210-3 354210-1 
20-30 cycles 40-45 cycles 50-65 cycles 
(Make-before-break) 


Each contact closed 55% of each cycle 
(+ 2%) Other actions, as specified 


354210-4 355081 


360-440 cycles 
(Break-before- Each contact 
make). Each closed 57% of 
contact closed each cycle 
47% of each (+7%) 
cycle 


Modulation Frequency 
Switching Action (SPDT) 


18 v, 94 ma 
at rated 
frequency 


Driving Coil Requirements 6.3 v, 60 ma at rated frequency 


100 microwatts at 6 v max.; 1.0 ma max 


Electrostatic Stray Pickup et 2 x 10° volts per ohm of input circuit impedance | 2x10" 
Electromagnetic Stray Less than 2 x 10° volts, constant to within 2 x 10° 2 x 10° volts 
Pickup constant to 
2x 10° 
Lags driving 
phase by 45 
to 50° 
Within 7% 
Shell and coi! 
shield, grounded 
through pin 
No. 2 


Contact Ratin 


Phase Shift Output voltage lags driving phase by 17° +5 


Within 2% 
Frame and coil shield, grounded through pin No. 2 


Symmetry 
Shielding 


Resistive or Inductive 
Output voltage varies less than 2% with rates of vibration from 0 to 10g 


Load Characteristics 
Vibration Resistance 


*1 /6 less at 50 cycles tField winding 11.0 watts, balance in amplifier winding 
Note: Some speeds available at 25 cycles 
All motors are available in two phase and synchronous models 


Sensitivity Nominal Input Impedance 
(Microvolts) (Ohms) 


4.0 400, 2,200, 50,000 
1.0 400, 7,000, 50,000 
0.4 400, 2,200, 7,000 
0.1 2,200 


POWER SUPPLY—115 v., 60 cycles (fused power line) 

OUTPUT—2 to 18 ma. into 12,000 ohm load 

SENSITIVITY —Continuously variable screwdriver adjustment. Recessed slot protects 
setting 

MOUNTING— Operation unaffected by mounting position 


OPTIONAL FEATURES—(a) thermocouple burnout protection, (b) without de- 
sensitizing adjustment, (c) parallel T feedback, (d) velocity damping, (e) special 
connecting cables and plugs, (f) without tubes, shields, and converter, (g) for 25 cycles. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim Aves., Phila. 44, Pa. 


Honeywell 
UH) rie ta Cont 
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FREE 
DATA FILES 


Allied Rael 


METAL FINISHING 
PROCESSES 


A complete line of quality products 
and processes developed primarily as 
a result of helping manufacturers like 


0° 
FOR THE 


OF FINISHING QUALITY 


i R l D { b > Chromate Conversion 


Coatings for Non-Ferrous Metals. 


qin Clear Protective Coatings 


for All Metals. 


yourself solve their metal finishing 


® 
problems. If one of our present prod- Raa Chemically Different 


ucts does not meet your needs, we’ll oo. ; Plating Brighteners. 


be glad to work with you to find an Pn ac 
answer to your problem. A Process chemicals. 
FA ON NL A NN AERERR see! RR ye cone SAO “TORI IRAN, GY ae 


EQUIPMENT AND g--= CIUNTILD rectiriers 
COMPLETE SYSTEMS , , 


Silicon and Selenium, built to exacting 
specifications for long life, trouble-free 


for Metal Finishing aa service. 


Process Engineered—Single pieces 


GIXILLD avto-.oapers 


of equipment or all equipment neces for fast, economical transfer of racks and 
sary for a finishing operation—evalu- A ae parts, conveyors to plating machines, 
ated, designed, fabricated, installed ve \ between conveyors. 

and tested to match exactly your AUTOMATIC AND SEMI-AUTOMATIC 
particular process. Ask about our ae PLATING MACHINES 

Process Engineering Service. BARRELS, TANKS and other equipment. 


in copper and zinc. 


CHEMICALS AND SUPPLIES 


Prompt service on a wide variety of daily-use LECTROCOP ° FLAT COPPER 
necessities for the plating room, delivered from ANODES 
warehouse stocks strategically located in cities 


in metalworking areas. CADMIUM, WHITE BRASS AND TIN ANODES in 
most efficient shapes. Acid Replacements, Buffs, Chemi- 
cals, Cleaners, Maintenance Materials. 


Ask your Allied Field Engineer about our Subscription Plan 


NICKEL RECASTING SERVICE which combines your new nickel purchases with a service to 


recast your butts and spears, resulting in substantial savings. 


Allied Research Products, Inc, Rim Tomar rom corus ‘st 


these useful files describing tech- 

4004-06 EAST MONUMENT STREET nical details of our complete line, 
BALTIMORE 5, MARYLAND OR, phone your Allied Field Engi- 

Branch Office: 400 Midland Avenue, Detroit 3, Michigan neer. He's listed under “Pieting 


Chemical and Electrochemical Processes, Anodes, Supplies” in your 'phene book. 
Rectifiers, Equipment and Supplies for Metal Finishing. 
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Aged Dielectric Twist Results 
AIEE #57 Procedure 


8 6 Jaa fe 8 aaah fc €, 180 
Centigrade 


Any time your problem is magnet wire, consult Phelps Dodge for the quickest, surest answer! 


ELECTRICAL MANUFACTURING 





ALEAE F... 


Gives your equipment longer thermal life! 


Performance proved in many practical applications! 
Class F and Class B stator windings, high temperature layer or 
random wound coils, potted, encapsulated or impregnated. 


Excellent all-around balance of thermal, physical, 

chemical and electrical properties—assuring stronger, better 
balanced, more reliable insulation systems. 

Thermaleze’ F—a polyester cyanurate film-insulated magnet wire 
is available in all sizes . . . round, square and rectangular wire. 


FIRST FOR 
LASTING QUALITY 
—FROM MINE 
TO MARKET! 
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* <&=~ The A-MP Header 
Tab Receptacie 


What’s your choice for terminating 
sealed compressor header pin circuits? 
A three-receptacle cluster block? Indi- 
vidual pin receptacles? Individual tab 
receptacles? Whatever way you design 
your header circuits, AMP has the 
solderless terminal you need. 


These three A-MP products (above) are 
quick connect / disconnect types — all 
have uniform crimp reliability and out- 
standing vibration resistance. They offer 
positive wiping action yet will not score 


header pins—they may be used inter- 
nally or externally on compressors—and 
all three fit .090” pin specifications. Tab 
receptacles also fit .125” pins. 


For sound, long life performance in 
the presence of oils and refrigerants— 
for high speed application to your leads 
at low cost—specify one or all of 
these A-MP units for your compres- 
sors. Top terminal quality is yours, 
hermetically sealed. 


Send for more information today. 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Australia « Canada e Engiand « France e Holland « Japan 
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PHILLIPS 


SERIES 34 & 36 SUB-MINIATURE RELAYS 


DATA SHEET | 


a 


REMOVE AND FILE FOR REFERENCE 


UNIQUE NON-RESONANT ARMATURE RETURN SPRING 


In Series 34 and 36 sub-miniatures, the armature return spring is enclosed within the pole piece 


and is adjusted to extremely close limits. Because of its novel design, it is effectively dampened to pre- 


vent natural resonance. The movable springs are of a 


‘safety pin” type. While providing adequate 


current capacity to carry the military requirement of four times rated load for overload test, they 


have very small mass and a high natural resonant frequency. 


DC-34 & DC-36 
ASSEMBLY FEATURES 


The entire structure of these sub-miniatures is designed 
to provide long life with a high degree of reliability. 

All units are hermetically-sealed, Materials used in their 
construction are of high temperature types. All insula- 
tion materials are inorganic, assuring non-gassing to min- 
imum temperatures of 400° F. 

These relays will not malfunction under extremes of 
vibration and shock, meeting military environmental re- 
quirements. Further, they conform exactly to military 
standards for dimensions and mountings, thus insuring 
interchangeability with contemporary types. 

Standard coil and contact rating, listed on the reverse 
side, are conservative. Additional ratings are available for 
special requirements. 

Adequate insulation is provided to insure an insulation 
resistance of 1000 megohms minimum when measured 
at 500 volts DC and a dielectric breakdown of 1000 volts 
rms between all terminals and case and between adjacent 
contact sections, 

Special contact materials are available for switching in 
the low level or “dry circuit” range. Excellent reliability 
can be obtained in this application. 


LIGER TY 


DC-34 & DC-36 
DESIGN FEATURES 


The motor assembly features a very tightly closed 
magnetic circuit, which results in low magnetic leakage 
and high magnetic efficiency since the entire field is con- 
centrated in the useful area. Properly annealed armco is 
used to provide high permeability and freedom from 
residual magnetism. 

A special coil design, with minimum amount of in- 
organic insulating material and no impregnating varnish, 
permits an unusually high number of ampere turns in the 
magnetic field. 

A special modified solenoid type armature is extremely 
lightweight — the entire armature and actuator assembly 
weighs only 2.2 grams. This armature is capable of op- 
erating the heavy spring load and furnishes a favorable 
weight to spring ratio for better resistance to external 
forces. 

Movable contact is a spherical bead permanently coined 
on the contact spring. Stationary contacts are fabricated 
from beryllium copper overlaid with silver. All contact 
assemblies are heavily gold-plated to prevent oxidation 
prior to hermetic sealing. 

In adjustment of the contact groups, adequate pre- 
travel and over-travel are provided to compensate for 
wear and erosion of contact surfaces, assuring high con- 
tact pressure throughout a long and useful life. 


> 


a Remove and file for 
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Fawick Magnetics here... 


u i * = - é e 

‘ oc ee . Three FAWICK SC MAGNETIC CLUTCHES 
(SC-450, SC-550, SC-650) installed in the 
transmission for the spindle drive on the 
Kearney and Trecker MILWAUKEE-MATIC. 
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tribute to full C 
automation “eRe Kearney and Trecker MILWAUKEE-MATIC which pro- 
w vides complete, “all-around-the-part” machining in 


fully-automatic programmed sequence. It accomplishes 
great cost reductions in tooling, set-up, and machining. 


The Kearney and Trecker Milwaukee-Matic is widely acclaimed as 


a great development in the machine tool industry, providing a flexible, 
fully-automated machine that produces milling, drilling, reaming, 
tapping and boring operations in complete sequence on a single ad CLUTCH —- the high. 
machine. ie ff efficiency clutch sup- 

The simple tape “numerical-control” system programs “‘all-around- plied complete, ready 
the-part”’ machining with 31 tools, each of which is selected, brought to install. Torque ca- 


FAWICK SC MAGNETIC 


pacities from-27 to 


to the work, and changed in scheduled sequence. This makes it , 
66,000 inch-pounds. 


possible to completely machine a part without manual changes or 
removing it from the machine. 

Three FAwick SC Magnetic Clutches are used in the spindle head 
of the Milwaukee-Matic to provide the split-second starts, stops, and FAWICK AIRFLEX DIVISION 
reversing actions so necessary to precision timing on this outstanding 9919 sae cores ieniieeeon ome 
equipment. These clutches produce instant response to automatic Fawick Canada, Ltd., 60 Front St., West, Toronto, Ont,, Canada 
controls, smooth, shock-free operation, full transmission of torque, 
and long, maintenance-free service life. 

This application is typical of many in the machine tool industry, 
where FAwicK Magnetics are establishing new high standards of 
performance. For full information on the advantages FAwicK Mag- 
netics can provide for your equipment call or write your nearest 
Fawick representative or the Home Office, Cleveland, Ohio. 


INDUSTRIAL CLUTCHES AND BRAKES 


Circle 144 on page 17 


SILICONE NEWS from Dow Cornin 


New Tape Speeds Processing 


Guideline Tape Made from Silastic 7 


Cuts Application Costs 50% to 60% 


New Guideline triangular tape now makes possible silicone rubber insula- 
tion systems at costs virtually competitive with other form-wound coil 
insulation systems. The reason: processing economies resulting from the 
tape’s unique triangular construction and self-adhering properties. 


Made of Silastic®, the Dow Corning silicone rubber, Guideline tape retains 
exceptional electrical and physical properties from —90 to 250 C, resists 
arcing, ozone and corona. It produces a homogeneous, resilient insulation 
system unaffected by heat, cold, moisture, abrasives, many chemicals and 
corrosive atmospheres. 


Insulation systems made from Silastic are moisture, chemical and abrasion 
resistant enough to permit open enclosures to be used in contaminated 
areas where totally enclosed motors might otherwise be required. 


Silastic is widely used in appliances and other electrical equipment as 

well as in motors. For example: the wrap-around strip heater shown 
at left. Sandwiched between two layers of 
Silastic, heater elements are sealed against 
moisture the rubber easily with- 
stands 260 C temperatures without loss of 
insulating efficiency. 
Write today for a tape sample, full infor- 
mation plus a list of companies producing 
insulating materials made from Silastic. 


first in 


silicones 


Electro-Flex Heat strip heater 


aN <p 
Easy To Process 


Developed by Dow Corning, cost-saving 
advantages of Guideline tape are many: 


One wrap only. A single wrap of Guide- 
line triangular tape is all that’s needed to 
produce the primary insulation 
wall thickness. 


entire 


Self-adhering. The tape bonds to itself 
. requires no pasting. What’s more, the 
tape’s beveled edges overlap producing a 
void-free insulation structure . require 
Edges appear only on the inner 
and outer surfaces of the insulation wall. 


no filling. 


Easy to apply. A conspicuous center line 
makes it easy to achieve a precise half-lap 
construction of uniform thickness. Wrapped 
coils have a smooth surface and excellent 
appearance. 
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..-Silicones assure 


997 Varnish “seals in” Dependable Performance 


Each United Airlines plane equipped with an automatic 
pilot has three servo-motors to actuate the rudder, elevator 
and ailerons. Designed for minimum size and weight, 
these motors are insulated with Class H materials and 
dipped in Dow Corning 997 Varnish. After more than 
5 years, these motors are still giving reliable service . . . 
even though the same motors, when insulated with Class A 


materials, had to be scheduled for replacement after only 
1,000 hours of use. 


Dow Corning 997 Varnish permits operating temperatures 
up to 250 C .. . gives electrical equipment protection 
against overloads, moisture, many chemicals, corrosive 


atmospheres and other hazards. chm eenee 


Silicone Compounds Form Moisture Proof 
Dielectric Seal 


Coated or packed around electrical connections and similar 
components, Dow Corning 3 Compound protects against 
moisture, corona, other hazards . . . eliminates flashover, 
arcing and shorts caused by moisture leakage paths. It is 
effective from —75 to 200 C. Nongumming, nonmelting 
and noncorrosive, 3 Compound easily adheres to most 
surfaces. 


Moisture and contaminants on these feeder plugs connected 
to railroad car air conditioning units during stop overs 
could cause arcing or flashovers. Hazard is eliminated 
with a coating of Dow Corning 3 Compound. Free 


sample available. Cirzle 148 on page 17 


greater reliability 


Moloney Electric Company Class H dry-type transformer 


Silicone-Glass Laminate Resists Heat, Moisture 


This 1500-KVA dry type transformer utilizes silicone-glass 
laminate for spacer bars, phase barriers and layer insula- 
tion. The reason: bonded with Dow Corning resins, 
silicone-glass laminates retain their mechanical strength, 
high arc resistance, low loss factor and low moisture 
absorption even after prolonged aging at 250 C. 


Silicone-glass laminate helps make transformers lightweight 
and maintenance-free. What’s more, silicone insulated 
transformers will provide reliable service almost anywhere, 
regardless of high ambients, humidity, contaminated or 
dust laden atmospheres. Silicone glass laminates are avail- 
able in tubes, sheets, punched or molded shapes from 


leading laminators. Chute 060 ‘en genet? 


Your nearest Dow Corning office is your number one source for latest information and technical service on silicones. 


CORPORATION 


branches: arcanta 
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BOSTON 


MIDLAND, MICHIGAN 


CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, D.C. 





Metallurgical Memo from General Electric 


How to tame a “hot” transistor 


Magnetic Materials Section reports on G-E thermistors 
.-. and how they may help you solve your 
temperature compensation problems 


General Electric thermistors reduce their resistance 
substantially upon slight increases in temperature, 
making them especially suitable for temperature com- 
pensation of transistor circuits. Frequently, a thermistor 
or thermistor network is used in place of a base biasing 
resistor. Thermistors restrain transistors from running 
away at high temperatures, and often result in further 
economies. 


For example, in some cases germanium transistors can 
be substituted for silicon transistors when thermistors 
are used. Or a higher gain in the circuit for given tem- 
perature variations may be achieved. Too, capacitors 


and resistors with large temperature coefficients may 
be used. Thermistors compensate for all temperature 
effects in the circuit. 


Because they are smaller and contain no moving parts, 
G-E thermistors are ideal for other temperature com- 
pensation applications, such as copper, magnetic ampli- 
fiers, and diodes.°Other uses for thermistors include 
temperature measurement, time delay devices, voltage 
regulators, and current inrush suppressors. 


Through new production facilities, General Electric can 
now design and manufacture thermistors to your speci- 
fications. For resistance values from 1 to 10,000,000 
ohms, and with temperature coefficients of resistance 
from —1% to —5% at 25°C., there is a G-E thermistor 
for you. For further information, write: Magnetic Mate- 
rials Section, 7804 N. Neff Blud., Edmore, Michigan. 


MAGNETIC MATERIALS SECTION 


GENERAL @@ ELECTRIC 


CARBOLOY® CEMENTED CARBIDES « MAN-MADE DIAMONDS © MAGNETIC MATERIALS © THERMISTORS © THYRITE® ® VACUUM-MELTED ALLOYS 
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Whatever you do withamee 
YOULL DO IT BETTER WITH A DELCO! 


Air conditioning, refrigerating, ventilating, or heating—there’s a GM 
Delco motor designed for the job. Shown here are just a few of the A 
many different motors Delco manufactures for the air moving ‘3 
industry. 


Delco’s complete line includes: shaded pole, extended winding, 
permanent split capacitor, split-phase, and capacitor start motors; Mi OTORS 
direct drive and belt drive motors; a variety of mountings for easy Delco Products 
installation; lubrication systems designed for dependable, quiet Division of General Motors, Dayton, Ohio 
operation, and a minimum of maintenance; all are quality-built the 
Delco way to provide long, trouble-free service. 

* INDUSTRIAL MOTORS 


For the complete story on Delco motors or application and engi- . 
neering assistance call the Delco office nearest you. And remember, a ee 
even a fine product is no better than the motor that powers it—be © GENERATORS 

sure yours is the best—GO DELCO! 


* APPLIANCE MOTORS 


Hermetic Motors, Relays, 
Controllers, Capacitors 


Direct Drive 
Shaded Pole Motor 


Belt Drive .Split-Phase Motor, 48 Frame 
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NICKEL 
ROLLED or DRAWN ALLOYS MONEL 
INCONEL 


for the widest range of sizes specify 


HARRIS 


NN 
060066. 
XX XXX 
Yi ‘ 
04.9004: 


ae 


When you need strip, rod 
or wire of these metals, get FREE 
exactly what you want...from BOOKLET 
DRIVER-HARRIS, the leading 
specialist in high-nickel alloys. 
For nowhere will you find the tech- 
nical excellence, productive skills and 
quality controls to match D-H for strip 
(widths to 8”, thickness down to .0005”), 
rods in various shapes up to 42”, wire down 
to .0005” dia. 
Specify “rolled and drawn by Driver-Harris” when \ Write for your copy 
oie aha $ ‘ . of Catalog N-59 con- 
you order Monel? nickel-copper alloys, Inconel tslaing complete 
nickel-chromium alloys, Incoloy?+ nickel-iron-chromium schedule of sizes 
alloys, Nickel and Electronic Nickels,. They are produced \ ond prices. 
with the same care and quality you expect—and get—with all 
132 Driver-Harris alloys. 


T.M. REG. U.S. PAT. OFF. [T.M. THE INTERNATIONAL NICKEL COMPANY, INC. PRODUCTS OF HUNTINGTON ALLOY PRODUCTS DIVISION. 


DRIVER-HARRIS COMPANY 


HARRISON, NEW JERSEY =. BRANCHES: Chicago, Detroit, Cleveland, Louisville 
Distributor: ANGUS-CAMPBELL, INC., Los Angeles, San Francisco * in Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 


7 
MAKERS OF THE MOST COMPLE LINE F ALLOY t THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES Mane neg 3O" 
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Uniquely Designed to Withstand 100 ‘'G'’ Shock Test... 20°'G’’ 
Vibration Test from 10 to 2500 Cycles...20 ‘‘G’' Acceleration Test. 


URTON BROWNE ADVERTISING 


e —55°C to +85°C temperature e11.8 + .5V max. stator 
range. Higher if desired. output voltage. 


e 26V rotor excitation. e 35 + J145 rotor impedance. 
e .210 amps, 2 watt. e Withstands 10 Ibs. lead pull test. 
e 40 millivolts null voltage. e Aluminum housing. 


A complete line of synchros in sizes 8, 10, 11 and 15 is offered 


for your CX, CDX, CT, TX, TDX, TR and RS applications. Type 4073-07. 


Other Oster Synchros For Hi Temp Applications 


Distinctive Oster features such as stainless steel housing and temperature 
stabilization are available for hi temp units. 


You are invited to consult Oster engineers on your synchro requirements. 


OTHER PRODUCTS INCLUDE: PNT Tc TT ate 
Servos Computers A " < 
Resolvers Indicators WD Your Rotating Equipment Specialist 
Motor Tachs ST-Ta eMule tury Avionic Division 

Ol Om Te) cle) ; 4 


Servo Torque Units Racine, Wisconsin 


EASTERN 310 Northern Bivd. e Great Neck, Long Island, New York WESTERN 5333 South Sepulveda Bivd. o Culver City, California 
OFFICE Phone: HUnter 7-9030 [ TWX Great Neck N.Y. 2980 OFFICE Phone: EXmont1-5742 e UPton 0-1194 e TWX S. Mon. 7671 


Interesting, varied work on designing transistor circuits 
Engineers For Advanced Projects: | and servo mechanisms. 


Contact Mr. Robert Burns; Personnel Manager, in confidence. 
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You're hearing all the noise 
you'll ever hear from the new 
WESTINGHOUSE AIR-LINE MOTOR! 


Brand-New and Extra Quiet—Westinghouse Air-Line Motors 
for Air Conditioners 


... AND FANS...AND BLOWERS...AND UNIT HEATERS... AND—YOU NAME IT! 


Here’s the new Westinghouse 48-frame capacitor-start or shaded-pole 
motor—the quietest, most fail-proof motor you’ve ever had the pleasure 
of using. 

We took away the sound by forcing oil between the nylon washer 
surfaces. Now they ride noiselessly on oil, not noisily on each other! 
(It’s a Westinghouse exclusive.) 

We’ve eliminated the major source of air conditioner motor failures 
by soldering and wrapping all electrical connections with multiple wind- 
ings of insulating tape. 

And, of course, the entire motor is designed for superior moisture 
resistance—with Mylar* insulation, a corrosion-resistant shaft, and 
double-dipped motor windings. 

There’s more! . . . perfectly flat endbells and recessed bolts to give 
you the shortest motor ever; Permawick lubricating system designed for 
a minimum of five years’ lubrication without reoiling; either plug-in 
terminals or leads, depending on your requirements; and about a dozen 
other features that your local Westinghouse sales representative will be 
proud to show you. 

Let him demonstrate the new Air-Line motors for you right away. 
Or write to: Westinghouse Electric Corporation, Mr. C.D. Jakes, Industrial 


Motor Department, Lima, Ohio. J-03022-A 
*DuPont Registered Trade-Mark 


you CAW BE SURE...1F 11's \ Vesti nghouse 


WATCH “‘WESTINGHOUSE LUCILLE BALL-DES!I ARNAZ SHOWS" CBS TV FRIDAYS 
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CONSID 








this rugged Video Telemetering System 


THIS REMARKABLE NEW television system 
gives you the power of sight where human 
eyes cannot go. It can be directed out- 
ward for observation, or inward to 
“‘watch”’ internal operation from a range 
of 1,000 miles line-of-sight. 

Capable of operation under extreme 
environmental conditions, and packaged 


for use under conditions requiring limited 
space, weight, and power, the Model 701 
includes such features as: transistorized 
circuitry, 525 line, 30-frame fully inter- 
laced picture, crystal controlled EIA 
synch, and high sensitivity. 

Weight of the complete unit is under 
nine pounds. Total volume is less than 


119 cubic inches. Its critical-design 
requirements are typical of all LEAD 
products. Each can be modified to meet 
many different requirements. Tell us what 
yours are. Contact our Marketing 
Branch, Lockheed Electronics & Avionics 
Division, 6201 E. Randolph St., Los 
Angeles 22...OVerbrook 5-7070. 


Requirements exist for staff and Supervisory engineers 


A 
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You'll get smoother performance 
from ARMATURE SHAFTS made 
with famous G. S. precision... 


If you make floor polishers, food mixers, fans, drills, portable tools or 
other products where the mechanism includes an Armature Shaft, your 
best bet is to give your specifications to G.S. We’ve had a world of expe- 
rience in cutting Worms, Spur and Spiral Pinions, as well as Spiral Bevel 
Pinions, integral with the shaft. We know how much smoother, quieter 
operation and efficient performance you get when these parts are made 
right. With modern equipment, rigid inspection systems employing every 
known precision-measuring device, and the services of craftsmen who 
never compromise with quality, G.S. Armature Shafts are made right, to 
meet the most critical conditions with utmost success. 


CH CEe Inc. Our experienced engineers are at your service to discuss any Small 


Gearing problem with you—and help you get better answers. Call or 


2635 WEST MEDILL AVENUE write us—now. 
CHICAGO 47, ILLINOIS SEND FOR G:5S. technical data, free! See where and how we mass- 


manufacture Small Gearing to uniformly fine tolerances. Folder contains 23 
pictures of Small Gears, plant views, as well as Diametral and Circular Pitch 


SPURS © SPIRALS * HELICALS © BEVELS © INTERNALS Tables. Ask for your copy on company stationery, please! 
WORM GEARING © RACKS © THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 


OF FRACTIONAL HORSEPOWER GEARING f- I Yeats of a . G ° tt ar tnall Ge caving. 
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DECCO’S patented construction and finest quality materials have greatly extended the 
service life of the solenoid. Silicon steel laminations give top efficiency. Hardened 
beryllium-copper plungers reduce friction and wear. Shock absorbing construction assures 
long service life. Non-magnetic, stainless steel striker-plates . . . heavy Nylclad magnetic 
wire . . . high temperature flow-point, molded nylon bobbins, all contribute to the 
dependability and stamina which make DECCO solenoids the best buy in the market today. 


There is a type, model and size DECCO solenoid for every requirement. Write for DECCO 
brochures #572 standard models or #581 miniature models. 


os OMPAN Y 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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PRODUCT-DESIGN BRIEFS FROM DUREZ 


High impact at low cost 


These big pulleys help drive huge spinning 
frames made by Roberts Co., Sanford, 
N. C., a leading manufacturer of textile 
machinery. 

Until recently, the pulleys were made 
of stamped metal or heavy cast iron. De- 
signers looked for a better material— 
strong, dimensionally stable, low in cost. 
They found it in Durez 18683. 

This new sisal-filled phenolic solves the 
cost problem of high-impact parts in three 
ways: 

1. It costs only pennies more than general- 
purpose wood-flour-filled phenolics. 


2.It molds by simple compression or 
transfer methods, using standard 
presses, standard pressures, standard 
dies. 

. It cures as fast as general-purpose com- 
pounds. 


Durez 18683 molds dimensionally sta- 
ble parts with impact strength of 1.4 ft. 
Ib.Jin. Molded parts are self-extinguishing, 
have excellent resistance to humidity, and 
can meet U/L requirements for attached 
electrical contacts. You'll find that 18683 
opens the way to savings on hundreds of 
applications where higher-cost materials 
are used now. 

Consider it for heater and air-condi- 
tioner housings, instrument panels. Speci- 
fy it for gears, wheels, pulleys, electric 
motor end bells—wherever you need im- 
pact strength and want it at lower cost. 

The sooner you investigate Durez 
18683, the sooner you can start saving 
with it! For bulletin, data sheet and/or 
evaluation sample, mail the coupon today. 


Torrid tempo 


Rapid production is beating out a new 
rhythm of lowered costs for the makers of 
these small lamp sockets (center column), 
Noma Lites, Inc. 

The key notes are smart redesign, use 
of multi-cavity molds, and an exceptional- 
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® impact strength comes down in price 


® fast-curing phenolic cures a cost problem 


® new idea for closures 


ly fast-curing Durez phenolic. 

Formerly, the manufacturer bought 
one-piece sockets, forced metal screw 
shells into them, applied pitch to protect 
against moisture, then laboriously sol- 
dered in the wires. 

Zip! Now, threads are molded into the 
split sockets by the molder, Holyoke Plas- 
tics Company Inc. Wires are laid across 
the socket halves. A simple metal clip 
joins the halves and pierces the wires 
with contacts. 

Whoosh! Socket halves are molded 80 
at a time. Into the molds goes speedy 
Durez 265, general-purpose compound 
that cures in a few seconds. Even at this 
dizzy rate, its batch-to-batch uniformity 
assures consistent molding. 


Hurry! Want to snap things up a bit? 
Durez 265 can probably help you do it. 
To see how, dash right over to your mold- 
ers. Or shoot us coupon for data on 265 
and other GP molding compounds. 


A cap can be pretty 

Not so long ago, you couldn’t get this 
decorative effect in a molded plastic clo- 
sure. Now you can. 


It’s done by wiping color into the de- 
bossed design. Debossing used to be the 
crux of the problem, because of the under- 
cuts. It was impossible to make a work- 
able mold cavity by machining, hobbing, 
or casting. 

The solution: electroforming. The mold 
is built up in nickel around a soft, resilient 
master, which is then withdrawn from the 
cavity. 

The process is a development of Arm- 
strong Cork Company and Electromold 
Corporation. It gives the designer a new 
freedom—permits intricate textured effects 
like leather and wood grain, as well as the 
simpler ones you see here. 

Durez is in the picture, too. Versatile 
phenolics, especially formulated for bot- 
tle and container caps, provide the req- 
uisite impact strength, resist chipping 
and cracking, and do not bleed when in 
contact with alcohol. If these qualities 
might help you uncork a closure idea or 
unbottle a bottleneck, we suggest you con- 
tact your molder on the use of Durez 
phenolics for closures. 


For more information on Durez materials mentioned above, check here: 





(] High-impact low-cost phenolic, Durez 18683 Bulletin and data sheet 
[] Evaluation sample of Durez 18683 
[] Durez 265 (data sheet) and descriptive Bulletin 400 


Clip and mail to us with your name, title, company address. (When requesting 


samples, please use business letterhead.) 


DUREZ P.LAsrtTics DIVISION 


1309 WALCK ROAD, NORTH TONAWANDA, N. Y. 


da 





HOOKER CHEMICAL CORPORATION 
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Simulated field service tests, consisting of thousands of start- 


stop cycles, are part of the regular Quality Control pro- 
cedure. Samples are often tested far beyond 100,000 starts. 


ACCELERATED LIFE TESTS at 
elevated temperatures are con- 
stantly in progress on samples 
from production lots of Mallory 
motor start capacitors. 


ELECTRICAL MANUFACTURING 





..ePlus 25 Years 


Mallory motor capacitors, 
outstanding for precise tol- 
erances, high temperature 
ratings and compact size, 
come in a broad range of 
ratings and designs .. . in- 
cluding the latest type with 
built-in bleeder resistor. 
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Less than 0.1% field failures on Mallory Motor 
Start Capacitors ... assured by constant quality 
control testing, correlated against 25 years of 
lab and field service data. 


The accelerated life tests, to which statistical samples 
of production lots of Mallory motor capacitors are 
subjected, have significance beyond the usual test data 
you’re accustomed to evaluating. They have a direct 
bearing on the dependability you can expect of these 
capacitors in your appliances. 


For over a quarter century, Mallory has been develop- 
ing and manufacturing motor start capacitors... 
testing them in our laboratories . . . gathering data on 
actual field service. From this mountain of statistics, 
we’ ve been able to establish a sound correlation between 
capacitor performance on the test rack and in the field. 


In addition to quality control tests, every Mallory motor 
start capacitor gets three separate checks during pro- 
duction. Capacitance is measured as the cartridge is 
being rolled, to assure precise tolerance. Cartridges 
are over-voltage flash-tested before assembly. And 
completed units are checked for capacity and power 
factor. 


The result: field failures on Mallory motor start ca- 
pacitors are well under 0.1%. To assure long life and 
dependability that protect your product’s reputation 
and eliminate warranty period replacement costs, it 
pays to insist on Mallory. Call or write today for a 
consultation on your applications. 


Mallory Capacitor Company 
Indianapolis 6, Indiana 
a division of 


MALLOR 
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VALUE ANALYSIS: 
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Use "SCOTCH" Brand No. 


Tape for this moto 


cost 1g; coil 
Annual ins 


than 1/10¢. 


Tape passes 41} 


corrosion tests. 


“Scotcu” Branp Paper Tapes—like all “Scotcn” 
Branp Electrical Tapes—are specially formu- 
lated for consistently high, electrical grade 
quality. It’s quality you can depend on... 
roll after roll. 


All “Scorcn” Branp Paper Electrical Tapes have 
“quick stick” adhesives for time-saving, neat, 
positive placement for assembly line methods. 
The thermosetting paper tapes have strong hold- 
ing power initially; when cured, holding power 
is almost doubled. Thermosetting also gives max- 
imum resistance to solvents and softening under 
high heat. 


r coil. 


must last 10 years' 


ulation cost 1 


1 Electrical Paper 


Initial 


minimum. 


s less 


“Scotcn” Paper Electrical Tapes are used for 
the construction of coils, transformers, and mo- 
tors; for both holding and insulating. They are 
compatible with most varnishes; do not become 
brittle under normal temperature operations. 


Both flat and creped backings. 


3M’s nationwide sales and technical services— 
backed by the tape industry’s largest research 
facilities—are available to advise and assist 
you in utilizing “Scotcn”’ Branp Electrical 
Tapes to improve your products or cut your 
production costs. Write on your letterhead for 
complete information. 


FREE DESCRIPTIVE FOLDER covers electrical qualities and thermosetting character- 
istics of ““Scotcn” Branp Paper Electrical Tapes. The 3M Company also manufactures 
“Scotcucast”’ Branp Casting and Dipping Resins. Write for descriptive booklet. Address: 
3M Co., 900 Bush Ave., St. Paul 6, Minn., Dept. EAP-99 


SCOTCH Electrical Tapes = 


BRAND 


**SCOTCH’’ AND **SCOTCHCAST’* ARE REGISTERED TRADEMARKS OF 3™ CO., ST. 


Miienesora [fining ano Jfanuracturinc company 


PAUL 6, MINN. EXPORT: 99 PARK AVE., NEW YORK 16. CANADA: LONDON, ONTARIO 


—S 


e+» WHERE RESEARCH IS THE KEY TO TOMORROW 
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POWER 


handling: capacity 
of the new 
Westinghouse 
Silicon 


transistor! 


Greater than 99% efficiency when used to handle 1.5 kw of 
power in a low-frequency DC switch! Power loss is only 
10-15 watts when handling 1.5 kw. That’s just one of the 
impressive specifications established by a remarkable new 
semiconductor device—the Westinghouse Silicon Power 
Transistor. 


This Power Transistor is remarkable in other ways, too... 


e It is the first power transistor available in voltage 
ranges above 100 volts. 


e It has power dissipation capability of 150 watts made 
possible by the low thermal resistance of .7°C/watt. 


@ It can operate at higher temperatures than germanium 
(150°C., compared to 85°C). 


e@ It has astonishingly low saturation resistance—less than 
-5 ohms at 5 amperes and .75 ohms at 2 amperes, an achieve- 
ment made possible through extensive research and de- 
velopment of hyper-pure Siemens-Westinghouse Silicon. 


e@ It is 100% power-tested under actual maximum rated 
specifications before leaving the plant. 


@ It is encapsulated in a rugged, all-welded case. 


HERE ARE A FEW OF THE APPLICATIONS... 

e@ Inverters and converters @ Data processing circuits @ 
Servo output circuits @ Series regulated power supplies @ 
As a low frequency switch @ In class A amplifiers. 


Available in 2 and 5 ampere collector ratings in production 
quantities now. For complete specifications and details, 
contact your local Westinghouse representative. 


you CAN BE SURE...1F ns Westi nghouse 


Westinghouse Electric Corporation, Semiconductor Department 
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Youngwood, Pa. 
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73 YEARS OF 
HEADING 
EXPERIENCE... 


Nee a AeA 
CADMIUM OXIDE 
Letiys 


THOMSON 
“710” 
CONTACTS 


Thomson 710 Silver-Cadmium Oxide Heavy 
Duty Electrical Contacts, cold-headed directly 
from sintered wire, cost no more than 
oxidized contacts because of Thomson's 
special equipment and techniques. Yet, they 


give you the benefits of: 
1. Uniform Dispersion of Cadmium Oxide throughout 
the silver matrix. 


2. Uniform Electrical Conductivity for all parts and all 
batches. 


3. Uniform Ductility which provides reproducible 
staking and double heading. 


Complete Data and Test Samples are available on request. 


Electrical Contacts Division 


sunson t. 1 [pO] SO|N] mec. co., wactam 54, mass. 


Since 1885 
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NAP o LOCK aniccio 
“Actuate "I'wo Circuits 


Simultaneously 
-.Without Special Linkage 


The D-2400 series Snap-Lock Limit Switches with two normally open 
and two normally closed contacts permit making or breaking two 
individual circuits simultaneously. Mounting problems are simplified, 
special linkages eliminated and costs kept to a minimum. 

Snap-Lock Limit Switches were originated by National Acme to meet 
the severe mechanical and electrical conditions imposed by all types of 
machine tools. The outstanding simplicity and ruggedness of these water 
and oil tight switches make them adaptable to the toughest heavy-duty 
assignments. 

Four basic models with a wide variety of actuating levers will handle 
up to 5 amps, 600 volts, AC. For complete details, parts list, and scale 
drawings, write for Bulletin EM-5824. 


ec aoe’ \ 


TRADE MARK 


ACME COMPANY 
176 E. 131st STREET 
CLEVELAND 8, OHIO 


Sales Offices: Newark 2, N. J., Chicago 6, Ill., Detroit 27, Mich. 


Tae 
Se 


MECHANICAL SIDE ELECTRICAL SIDE 
AMPERE | _115_| : fe sy . 
RATING [125 | . } 
125 0C 1/3 HP 
THE NATIONAL ACME CO. F, vee “ 


P ts ni National 


CLEVELAND, OHIO 
MADE IN USA 


PATENTS APPLIED FOR 


Pe 
a af All Snap-Lock switches have separate enclosures within a single 
housing for the mechanical and electrical sides. Ample wiring 
space is provided and maintenance greatly simplified, 
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Arnold Pulse Transformer 


Cores ate individually tested 
under actual pulse conditions 


Here's 
technical data on 


ARNOLD 
SILECTRON 
CORES 


Bulletin SC-107 A 

. this newly- 
reprinted 52-page 
bulletin contains 
design information on Arnold Tape Cores wound 
from Silectron (grain-oriented silicon steel). It 
includes data on cut C and E cores, and uncut 
toroids and rectangular shapes. Sizes range from 
a fraction of an ounce to more than a hundred 
pounds, in standard tape thicknesses of 1, 2, 4 
and 12 mils. 


Cores are listed in the order of their power- 
handling capacity, to permit easier selection to fit 
your requirements, and curves showing the effect 
of impregnation on core material properties are 
included. A valuable addition to your engineering 
files—write for your copy today. 


ADDRESS DEPT. EM-99 


The inset photograph above illus- 
strates a special Arnold advantage: a 
10-megawatt pulse-testing . installa- 
tion which enables us to test-prove 
pulse cores to an extent unequalled 
elsewhere in the industry. 

For example, Arnold 1 mil Silectron 
“C” cores—supplied with a guaran- 
teed minimum pulse permeability of 
300—are tested at 0.25 microseconds, 
1000 pulses per second, at a peak flux 
density of 2500 gausses. The 2 mil 
cores, with a guaranteed minimum 
pulse permeability of 600, receive 
standard tests at 2 microseconds, 400 
pulses per second, at a peak flux 


density of 10,000 gausses. 

The test equipment has a variable 
range which may enable us to make 
special tests duplicating the actual 
operating conditions of the trans- 
former. The pulser permits tests at 
.05, .25, 2.0 and 10.0 microsecond 
pulse duration, at repetition rates 
varying anywhere from 50 to 1000 
pulses per second. 

This is just another of Arnold's 
facilities for better service on mag- 
netic materials of all description. 
@ Let us supply your requirements. 
The Arnold Engineering Company, 
Main Office & Plant, Marengo, Ill. 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES 
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=newW 
transparent 


(No Amber Tint) 


‘Resinite EP- 


Vinyl Insulation § 


“B” revision of MIL-I- 


7444, Resinite EP-93C is transparent and colorless (no 


Developed specially for the new 
amber tint). Here is a brand new material embodying 
all the superior characteristics of Resinite specification 
grade insulation sleevings — and more. Now there is a 
Resinite material for all Types (transparent, tinted or 
colored) and all Size Ranges of this important speci- 
fication. Ask your Resinite Distributor for complete 


information or write for samples and performance data. 


e Smoother, harder surface 
facilitates installation 

e Flexible at —90°F 

e Withstands 185° F 
continuously 

e Flame Resistant 

e Fungus Resistant 

e All 3 types and size ranges 

e Transparent, amber, black, 
white, and red 

e Exclusive “Soft-Wound” 
spooling assures 
full-round sleeving 


Whatever your insulation 
sleeving problem, there’s an 
appropriate Resinite material. 
Call your Resinite distributor 
or write for samples and 
performance data. 


Hesinite \° 


THE DOSEN CHEMICAL COMPANY Resinite Aa 5 
Plants: Santa Barbara, Calif. * No. Andover, Mass. 


SPECIALISTS IN VINYL SLEEVING AND TUBING FOR THE AIRCRAFT, ELECTRONICS, ELECTRICAL AND PHARMACEUTICAL FIELDS 
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ew! Complete, Expanded Line of Shaded 


HOWARD 


Newly expanded with the recent additions of the former 
Fairchild and Scruggs models, the all-inclusive Howard 
line of shaded pole and induction motors is now the most 
comprehensive in the industry. The wide selection of stand- 
ard shaded pole and induction models offered by Howard 
assures you of a motor to meet your exact requirements at 
low cost and with minimum delay. Thousands of specs are 


on file so that variations of any standard model can also 
be quickly and inexpensively supplied. Shown on these 
pages are just a few of the shaded pole and induction 
motors in the Howard line. For samples and prices or in- 
formation on these or other Howard motors—Universal, 
Gear motors or Blowers (not shown)—send us details of 
your application today. 


Shaded Pole Motors 1/2000 to 1/8 H.P. 


MODEL 100 
TYPE: 4 pole, double bearing 
DIAMETER: 2-3/4 square 


LENGTH: 2-5/32 to 2-29/32 depending 
on stacking 


H.P.: 1/650 to 1/85 
NO LOAD RPM: 1700 
FULL LOAD RPM: 1500 standard 


BEARINGS: Sintered bronze, self-align- 
ing type or ball bearings. Extension oil 
tubes available. 


MODEL 1100 

TYPE: 2 pole, double bearing 

WIDTH: 2-1/2 

HEIGHT: 2-15/16 

LENGTH: 1-1/2 to 2 depending on stack- 
ing 

H.P.: 1/750 to 1/50 

NO LOAD RPM: 3400 

FULL LOAD RPM: 2800 - 3200 


BEARINGS: Oilite with large oil reser- 
voir. 


MODEL 1000 

TYPE: 2 pole, double bearing 
WIDTH: 2-3/8 

HEIGHT: 2-19/32 

LENGTH: 1-5/8 

H.P.: 1-1000 to 1/75 

NO LOAD RPM: 3400 - 3500 
FULL LOAD RPM: 2800 - 3200 


BEARINGS: Oilite with large oil reser- 
voir 


MODEL 1175 

TYPE: 2 pole, unit bearing 
WIDTH: 2-1/2 

HEIGHT: 2-31/32 


LENGTH: 1-49/64 to 2-5/8 depending on 
stacking 


H.P,: 1/700 to 1/100 
NO LOAD RPM: 3400 
FULL LOAD RPM: 2600 - 3200 


BEARINGS: Unit bearing construction with 
permanently sealed-in lubrication. 


MODEL 1075 

TYPE: 2 pole, unit bearing 
WIDTH: 2-3/8 

HEIGHT: 2-5/8 

LENGTH: 1-3/4 

H.P.: 1/750 to 1/185 

NO LOAD RPM: 3400 

FULL LOAD RPM: 2600 - 3200 


BEARINGS: Unit bearing construction with 
permanently sealed-in lubrication. 


MODEL 2800S Stamped Steel Case 

TYPE: 2 pole or 4 pole shaded pole 

DIAMETER: 3-9/32 

LENGTH: 2-3/16 to 3-1/16 depending on 
stacking 

H.P.: 1/100 to 1/30* 

NO LOAD RPM: 1700 or 3400 

FULL LOAD RPM: 1500 or 3000 

STARTING TORQUE OZ. IN.: 2.0 - 10.0 
depending on stacking 

BEARINGS: Porous bronze sleeve type 
with large oil reservoir. 

*Ratings are continuous duty, 55° C rise 

in a 40° ambient, with air drawn over 

the open ventilated motor. 
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Pole and Induction Fractional H. P. Motors 


Now Offering the Widest Selection of 
Motors and Prices in the Industry! 


Induction Motors 1/1400 to 1/4 H.P. 


MODEL 2400 

TYPE: 4 Pole Induction. 

DIAMETER: 2-9/16" square. 

LENGTH: 2-3/8” to 3”. 

SINGLE PHASE CAPACITOR MOTOR. 
Maximum Torque oz in.—1. 
Full Load Speed R.P.M.—1150. 
Bearinge—RBC—Ball. RWC—Sleeve. 


TWO PHASE MOTOR: 
Maximum Torque oz. in.—1.5. 
R.P.M.—1150. 
Bearings—RBC—Ball. RWC—Sleeve. 


BEARINGS: Porous bronze sleeve type 
with oil reservoir, or grease sealed 
ball bearings. 


MODEL 3700 


TYPE: 2 Pole, 4 Pole, 6 Pole or 8 Pole 
Induction. 


DIAMETER: 3-7/8". 

LENGTH: 5-1/16" to 5-11/16”. 

H.P.: *1/25 to 1/7. 

STARTING TORQUE: *13 oz. in. to 30 oz 
in, 

BEARINGS: Porous bronze type with oil 
reservoir. 


*Dependent on type of motor used; i.e. 
Normal Induction Motor, Hysteresis Syn- 
chronous Motor. 


EF py 
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MODEL 2500 

TYPE: 2 pole or 4 pole induction. 
DIAMETER: 2-9/16” square. 
LENGTH: 1-7/8” to 2-3/8”. 
SPEED: *1200 to 3600 R.P.M. 

H.P.: 1/300 to 1/1400. 


MAXIMUM TORQUE OZ. IN.: *1.6 to 3.5. 


BEARINGS: *Ball or sleeve. 


*Dependent on type of motor used, i.e. 
Non-Synchronous Capacitor Motors, 
Torque Motors, Standard Synchronous 
Motors, Hysteresis Synchronous Motors. 


MODEL 9200 


TYPE: Induction, torque, synchronous 2, 
4, 6 or 8 poles, 25 to 60 cy single 
(capacitor) two or 3 phase. 


H.P.: 1/250 to 1/50 continuous or inter- 
mittent duty. 


R.P.M.; 900 to 3600. 

DIMENSIONS: 2-7/8” x 2-7/8" by 4-1/32" 
to 4-13/32". 

MOUNTING: Pad, resilient ring, face ex- 
tended bolts. 

BEARINGS: Porous bronze sleeve, (ball 
bearings available at request). 


MODEL 2900 


TYPE: 2 Pole, 4 Pole, 6 Pole or 8 Pole 
Induction. 


DIAMETER: 3-5/16". 
LENGTH: 4-25/32” to 5-21/32” ball bear- 


ing. 

5-5/16" to 6-3/16" sleeve bearing. 
H.P.: *1/70 to 1/15. 
FULL LOAD TORQUE OZ. IN.: *10.0 to 30. 


BEARINGS: Bronze sleeve type with oil 
reservoirs, or permanently lubricated 
sealed and shielded ball bearings. 


*Dependent on type of motor used: i.e. 
Non-Synchronous Capacitor Motors, 
Standard synchronous, Motors, Hyster- 
esis Synchronous Motors. Torque Motors. 


Ls 
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MODEL | 


TYPE: Hysteresis Type Single Phase Ca- 
pacitor 


DIAMETER: 2-5/8 

LENGTH: 2-3/16 

H.P.: 1/500 to 1/200 

SPEED: 3600 RPM 

FULL LOAD TORQUE OZ. IN: .6 to 1.35 
BEARINGS: Sleeve or ball 


HOWARD INDUSTRIES, INC.,172¢ State St., Racine, Wis., Telephone ME 2-2731, Teletype: RAC344 


Sales Offices: Festus, Mo., 1049 Front Street, YE 7-3606 
Camden, New Jersey, 300 Broadway, WO 4-9733 Los Angeles 36, 942 S. La Brea Ave., WE 8.2444 
Chicago 4, \., 208 S. LaSalle St., CE 6-5126 New York 1, Empire State Bidg., LO 4-7992 
Cincinnati 2, O., 1077 Celestial St., PA 1-2985 Tyler, Texas, 2512 Sheryl Lane, TY 4-5355 


Representatives in Principal Cities—Consult Your Classified Phone Book 


DIVISIONS; Eno ELECTRIC MOTOR CORPORATION CYCLOHM MOTOR CORPORATION RACINE ELECTRIC PRODUCTS (Ls) LOYD SCRUGGS COMPANY 
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‘This moided plastic ‘part 
| hangs up a record 6O% savings 


Could be abstract art. Actually, it’s a brand new molded plastic device 
for hanging both low and high voltage power cables—saves up to 60% of 
the cost of running power through heavily timbered areas. In designing this 
1534 oz. 4-part suspension clamp for injection molding, we worked with 
customer engineers—adapting their design to custom molding requirements. 
The selection of molding material— Methyl Methacrylate—assured the right 
electrical and physical properties, and the ability to withstand all types of 
weather. This is just one angle of every plastic molding job. Because we 
mold all types of materials and offer full range (small to large) compression, 
injection and transfer molding facilities, we’re free to make unbiased recom- 
mendations . . . to provide the material and method of most value to you. 
For more information, call or write. 


CHICAGO MOLDED 


PRODUCTS CORPORATION 
1025 North Kolmar Avenue, Chicago 51, Illinois 
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BUILT-IN GERMANIUM TRANSISTOR 
RELIABILITY APPLICATION NOTES 


Ea oe 


630 WATT DC-TO-DC POWER CONVERTER 90% EFFICIENT 


INPUT 
28 VOLTS 
25 AMPS 


Low Res (0.052) at high temperatures 
insured by large ring emitter-base 
area. Leakage currents minimized by 
all welded construction . . . no con- 
taminating solders or fluxes used! 


NOTES 


L5 may be wound according to the output voltage desired, Core-type 50022-2A Magnetics, Inc. 

— ook San wes an = wire — should Q1, Q2—2N514B 80 volt 25 amp each mounted on a mini- 
e large enough to allow one circular mil per millampere. p : ; 

The output current and load will then determine D2, D3, mum of 200 sq in. of % aluminum for operation up to 50°C. 

D4, DS, and C4. D1—1N1124 mounted on a minimum of 1 sq in. of exposed 

L2, L3—17 turns each #10 bifilar wound aluminum 1/16” thick. Operation to 50°C. 

L1, L2—4 turns each #16 Frequency about 1 kc. 


High current-carrying capacity and 
maximum safety against over-heating 
provided by heavy 90-mil emitter lead. 


| 


REDUCE YOUR COMPONENT COSTS 
WITH ONE TI POWER TRANSISTOR! 


Save on overall costs and up your circuit reliability by units feature guaranteed gain at maximum rated cur- 
selecting one specific TI germanium power transistor rents and 1.5 volts Veg. For your high current switching 
for your high power circuitry job. The need for tran- applications, all types highlight typical switching times 
sistor paralleling is greatly reduced...and, in many at 25°C of 12.0 usecs (t,,) and 7.0 usecs (torr). 
applications, eliminated ...with TI’s newest high Contact your nearest Texas Instruments sales engineer 
current alloy-junction power transistor series. If you for applications assistance or your nearby TI distrib- 
are using two types in parallel for a 25-amp job, save _ytor for off-the-shelf delivery at factory prices. For high 
by using one TI high current alloy-junction transistor! reliability, high performance, and a full year product 
Ranging from 10 to 25 amps in 40, 60, or 80 volt types, all guarantee, you can rely...on TI! 


4 
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Collector-to-Base Voltage (1, = —5ma, |; = 0) —40 —60 —80 
Collector-to-Emitter Voltage (V ,, = +0.2 v, |p = —5ma) —40 -—60  -—80 
Emitter-to-Base Voltage (1, = —5ma, I; = 0) eee 
DC Collector Current el 
DC Emitter Current 

Base Current 

Total Dissipation 

Junction Temperature 


otenvrnw<<< 
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germanium and silicon transistors ‘2 ij N ST R U M E N T S 


silicon diodes and rectifiers 
tanTicap solid tantalum capacitors INCORPORATED 
” SEMICONDUCTOR-COMPONENTS DIVISION 
- 13500 N. CENTRAL EXPRESSWAY 
sensislor silicon resistors POST OFFICE BOX 312 - DALLAS, TEXAS 


precision carbon film resistors 
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Engineered wire for engineered products supported by complete factory stocks 


to 


JUST PUBLISHED... 
New Belden Lead Wire Catalog 


New 8-page catalog illustrates and describes the complete line of 

Lead Wire... by Belden. Includes sizes, colors, packages, and UL and CSA 
ratings. All listings indexed by application for easy use and proper 

wire selection. Send for your copy of Catalog L59. 


one wire source for everything electrical and electronic 


BELDEN MANUFACTURING COMPANY magnet wire * lead wire * power supply cords * 
P. 0. Box 5070-A, Department 1 e | cord sets * portable cordage * electronic wire * 


Chicago 80, Ilinois WIREMAKER FOR INDUSTRY automotive replacement wire and cable * aircraft 
SINCE 1902 


wire * electrical household replacement cords 
CHICAGO 
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New “3MIN’’ Series switches 
for machine tool controls 


... STACK IN SMALL SPACE 


Step design case is only .675 in. wide. Three switches 
have combined stacking width of just over 2 inches. 


.. INTEGRAL TERMINALS 


Terminal arrangement permits gang mounting without 
insulating barriers. The #8 terminal screws have cap- 
tive lockwashers. 


.. LONG MECHANICAL LIFE 


Ciceheun witiasttiiamaaiie Median mechanical life is over 10,000,000 operations 
shows compactness and at full overtravel. 


staggered terminal pattern... 
.. PLENTY OF OVERTRAVEL 


Overtravel is .080 in. min. 


.» EASILY MOUNTED 


One mounting hole is elongated to eliminate the need 
for close tolerance in the center-to-center distance be- 
tween mounting holes on the equipment. 

Contact arrangement is single-pole two- 

circuit double-break. Can also be used as 


a single-pole double-throw switch. Under- MICRO SWITCH... FREEPORT, ILLINOIS 
writers’ Laboratories listed for: 15 amps, A division of Honeywell 


120, 240, 480 or 600 vac; % hp, 120 vac; In Canada: Honeywell Controls Limited, Toronto 17, Ontario 
1 hp, 240 vac; .8 amp, 115 vdc; .4 amp, 
230 vde. Pilot duty rating: 600 vac, max. 


For complete information on these ‘3M N” H Ho ne s well 


switches contact your nearest MICRO SWITCH 


branch office, or send for Data Sheet 164. HONEYWELL MICRO SWITCH Precision Switches , 
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in the American Steel & Wire Fatigue Laboratory, a 
technician runs tests on a USS American Spring, designed 
for Steel Door use. On the basis of this test a change in 
hook design was recommended to give longer spring life. 


At Steel Door... 


(iss) American Springs 


thanks to AS&W 


A Steel Door workman assembles a Berry One-Piece Door. This company 
uses steel exclusively for all doors because of its many consumer advantages. 
Steel is stable, won't warp or swell. Steel doors need less maintenance and 
preparation, and steel doors are easy to operate. 


This close-up shows the improved hook on the extension springs supplied 
by American Steel & Wire for the Steel Door overhead garage doors. 
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stretched 31,000 times and still going strong... 


Spring Engineering Research Service 


The Steel Door Corporation, Birmingham, Michigan, is 
the world’s largest manufacturer of residential garage 
doors. For the production of these doors they use about 
150,000 USS American Springs every year. Steel Door 
asked American Steel & Wire for a statistical evaluation 
of the fatigue life of the extension hook-type springs 
they use. The AS&W Spring Engineering Research 
Service tested these springs in the Fatigue Laboratory 
and recommended a change in hook design. 

So successful was this design change that the life of 
the springs has been materially increased. At the Steel 
Door plant a cycle test was set up using USS American 
Springs on an overhead door. At the present time these 
springs have completed over 31,000 cycles without show- 
ing any sign of failure. This is the equivalent of 25 
years of normal usage. 

Mr. Ralph Qualman, Advertising Director and Serv- 
ice Manager, says: “It is extremely important that the 
springs—especially those used on sectional doors where 


American Steel & Wire 
Division of 
Columbia-Geneva Stee! Division, San Francisco, Pacific Coast Distributors 


SEPTEMBER 1959 


the strain is greatest—have proper tension and a long 
life. American Steel & Wire supplies Steel Door with 
springs that meet their engineering specification and 
life expectancy.” 

If you have a spring problem or would like advice on 
the use of springs in your product, get in touch with 
our general offices in Cleveland, or any American Steel 
& Wire Sales Office. You can benefit from the knowledge 
of AS&W’s Spring Engineering Research Service. The 
Service has been engaged in laboratory experiments of 
static and dynamic testing for 20 years and has accumu- 
lated invaluable data on stress and fatigue life of steel 
springs, while endeavoring to improve efficiency in the 
use of steel—from steel chemistry through product 
application—to more economically cope with today’s 
rigorous demands. This accumulated knowledge of the 
AS&W Spring Engineering Research Service is at your 
disposal. American Steel & Wire, 614 Superior Ave., 
N.W., Cleveland 13, Ohio. 


USS and American are trademarks 


United States Steel 


nessee Coal & Iron Division, Fairfield, Ala., Southern Distributors « United States Stee! Export Company, Distributors Abroad 
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CORE TAPE OF 2 MIL 'MYLAR" — > 


LAYER TAPE OF 1 MIL “MYLAR" 


{ 


Kerite reports: “Tough tapes of MYLAR*® 
help keep costs down, improve cable design” 


.‘Mylar’ 
and easier to strip, provides greater crush 
resistance, assures longer life.”’ 


“We have to use highest-quality ma- 
terials to maintain the performance peo- 
ple expect from Kerite cables. Tapes of 
‘Mylar’* polyester film help us insure 
top performance. What’s more, ‘Mylar’ 
actually costs us less per foot of cable 
than other tape materials, because it is 
so tough we can use it in thinner gauges. 
This helps us offset rising costs in many 
other cable materials. 


*““*Mylar’ helps by improving pro- 
duction efficiency, too. Its high tensile 
strength drastically cuts machine down- 
time due to tape breaks. And our cus- 
tomers benefit from improved perform- 


Consider the advantages of 


Qo 


HERMETIC MOTORS — 35°F 
higher operating temperature. 


88 


‘CAPACITORS- —Superior mois- 
ture resistance and longer life. 


ance .. makes cable cleaner 


The control cable shown is only one of 
a variety of cables made with ‘‘Mylar’’ 
at the Kerite Company. Kerite, Amer- 
ica’s oldest cable producer, was a pio- 
neer in the cable field and is still pio- 
neering new concepts in cable design and 
construction. 

Manufacturers of all types of electri- 
cal products are replacing convention- 
al materials with thin, tough ‘‘Mylar”’ 
You, too, can improve performance, 
cut costs by capitalizing on the unique 


“Mylar” for these applications 
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TRANSFORMERS — Reduced 
size without loss of rating. 


combination of properties of Du Pont 

*‘Mylar’’: 

e High dielectric strength, average of 
4,000 volts per mil**, average power 
factor of 0.003 at 60 cycles. 

¢ Thermal stability from -80° to 300°F. 

e Chemical, moisture resistance. 

e Resistance to abrasion, aging, tearing, 
rotting. 

In addition, when figured on an area 

basis, ‘“‘Mylar’’ will often cost you less 

than your present material. For the full 
facts on “‘Mylar’’, write for free booklet. 

E. I. du Pont de Nemours & Co. (Inc.), 

Film Department, Wilmington 98, Del. 


*** Mylar” is Du Pont’s trademark for its brand of 
polyester film. 


**Per ASTM D-149, 


QU POND 


"6. ue & Pat 6k 


THINGS FOR BETTER LIVING 
THROUGH CHEMISTRY 


DU PONT 


ae 


POLYESTER FILM 
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circuit breaker 
ratings as low as 
0.010 amperes 


HEINEMANN Circuit Breakers—complete with your choice of 
inverse time-delay curves or instantaneous trip—are available in current 
ratings as low as 0.010 amperes . . . an important fact to 
remember when considering the protection of sensitive equipment. 
For even at a rating of only 0.010 amperes, HEINEMANN 

Circuit Breakers still provide fastest interruption of short circuits, 
retain their set trip points and carry rated capacity through 

any ambient temperature range, high or low. 

These exclusive HEINEMANN features are yours in any odd 

or fractional current rating you may specify . . . but 

only when you specify HEINEMANN. For complete details, send for- 
the Circuit Breaker Engineering Guide, Bulletin 201. 


HEINEMANN ELECTRIC COMPANY 
99 Plum Street + Trenton 2, N. J. 
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BEFORE 


Contact assembly of phosphor bronze spring 
with staked rivet. Production, 600 pieces per hour. 


| MK | 


| 


Single unit cut from a long coil of General Plate 
toplay material. Production, 6000 assemblies per hour. 
Rivet inventory, separate cleaning of rivet and spring, and most 


important, assembly of the two parts are eliminated. 


HII 


GENERAL PLATE TOPLAY MATERIAL 
ENABLES KING-SEELEY CORPORATION TO 


Increase Contact Assembly 
Production 900% 


Recently King-Seeley Corporation, long a leading 
manufacturer of instrument panel gauges and other auto- 
motive equipment, redesigned the contact assembly in the 
constant voltage “‘CV”’ voltage regulator, a component of 
their constant voltage gauge systems. The old design called for blanking of a phos- 
phor bronze spring, cleaning and finally staking of a General Plate rivet. By chang- 
ing to General Plate toplay contact material the operation called for simply cutting Bg 
off and cleaning. Expensive assembly operations were eliminated. The result ... an 
General Plate Clad Contact Materials . . . Single and 


increase in production of contact assemblies by 900% 
Ie g ; ; } © . 
General Plate clad contact materials make it possible to manufacture complete double inlay, overlay and toplay provide better elec- 
trical performance, longer operating life and lower 


contact assemblies to close tolerances by single blanking and forming operations. 
Compare this to other methods whereby the contacts and supporting members are _fabrication costs. 


fabricated separately and then assembled. 
METALS & CONTROLS 


Let us make an electrical contact cost analysis on 
products you want to automate. Find out how 
1909 FOREST STREET ATTLEBORO MASS., U.S.A. 
A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 


General Plate clad electrical contact materials can 
be put to work for you. Write now. 
Radio Tube & Transistor Metals 


General Plate Products: Ciad Metals Electrical Contacts « 


Truflex® Thermostat Metal « Platinum Metals « Reactor Metals 
Circle 172 on page 17> 
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"AWG SIZES 


A girl has to think about Magnet Wire 


and specifications and things...” 


“...1 mean, really! Maybe you think that’s 
too deep for an average housewife like me. But 
let me ask you, who’s got the most to lose if 
magnet wire doesn’t have the proper dielectric 
strength? Yours truly, that’s who! Who suffers 
if the temperature and abrasion resistance isn’t 
up there? Who but us, with all our appliances? 


“I just wish we housewives could pick the 


magnet wire that goes into the motors and coils 


of every one of these things. I mean, really! 


Because I'd pick Roebling Magnet Wire. It’s 
always way higher than the NEMA Specifications. 
And if you think that’s not important to a girl...!” 
Electrical Wire Division, John A. Roebling’s Sons 


») 


Corporation, Trenton 2, N. J. 
ROEBLING £) 


Branch Offices in Principal Cities ~~. 
Subsidiary of The Colorado Fuel and Iron Corporation (i 





6-Way 
Motor Burnout 
Protection 
Means Total 
Protection... 


and only the 


* Ask your motor manufacturer about it 


New KLIXON Type T Protectors Provide It! 


Most conventional protectors used today may 
protect motors against up to four overheat condi- 
tions. KLIXON Type T Protectors safeguard motors 
from all six conditions: 

1. Running overload with or without high ambient 
or ventilation blocked. 

Locked rotor normal voltage such as caused by 

mechanical failure of driven load. 

Locked rotor caused by low voltage where de- 

creased torque is insufficient to start load. 

Locked rotor with main winding only in circuit 

resulting from open circuit start switch or open 

circuit in reversing switch. 

Locked rotor with start winding only in circuit, 

such as that resulting from an open main wind- 

ing circuit or open circuit in reversing switch. 


Over 150,000,000 motors 


6. Running with both start and main windings in 
the circuit resulting from start switch failure in 
closed position or low voltage which prevents 
reaching switchover speed. 


Manufacturers of motor-driven equipment can 
obtain induction motors that have complete protec- 
tion against all possible conditions that cause over- 
heating and burnouts simply by specifying on their 
motor purchase orders “These motors to have 
KLIXON Type T Protectors.’”’ KLIXON Protectors 
permit motors to operate at safe maximum output 
without premature motor failures. They build cus- 
tomer goodwill by reducing costly motor repairs, 
replacements and service calls. Get TOTAL PROTEC- 
TION for your motor-driven equipment ... use 
motors with built-in KLIXON Type T Protectors. 


are protected against M ETA LS & CoO NTROLS 


overheating and burning out 3609 FOREST STREET. ATTLEBORO. MASS..U.S.A 
with KLIXON Protectors. A DIVISION OF TEXASINSTRUMENTS INCORPORATED 


SPENCER PRODUCTS: Klixon® Inherent Overheat Motor Protectors * Motor Starting Relays « Thermostats « Precision Switches « Circuit Breakers 
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Servo Systems Design 


IN SYSTEMS DESIGN there is probably no single 
area that has had faster growth in recent 
years than that of automatic control systems 

in their more sophisticated forms called 
closed-loop systems, feedback controls, servo- 
mechanisms. Some of the basic analytical 
work on such systems goes back to telephone 
practice. Impetus was given to the use of 
servo systems in World War II in gunfire 
control and in automatic pilots. During the 


present period of military development, guid- 
ance and control of rockets and space satel- 
lites have increased the need for such systems 


and precise analysis of them. 

Concurrently, the wide application of 
closed-loop controls in the process industries 
and the demand for more automatic produc- 
tion machinery has created whole new areas 
of application of servo principles. On machine 
tools, for example, command signals taken 
from tape or cards direct operations which 
must be continually checked for conformance 
with the command. Complex factors govern 
positional accuracy. Regulation of speed and 
tension in drive systems and of speed, voltage 
and frequency of generators is also funda- 
mentally a servo problem. 

Servo system designs are not confined to 
electrical and electronic control aspects. The 
problem area is much broader. Hydraulic 
motors have a faster speed of response than 
electric motors and are often chosen for that 
reason. Inertia of rotating or sliding parts, 
friction in slides, backlash in gearing and 
windup in shafting are mechanical par- 
ameters which, if neglected, raise hob with 
the speed of response and stability of the 
system. ‘Torque-to-inertia ratio is another 
figure of merit. 

Because these problem areas are of con- 
cern to so many readers of ELECTRICAL 
MANUFACTURING, various aspects of servo de- 


sign have long been a part of our editorial 
fare. We try to grow with readers’ needs in 
terms of level of technical approach. Nine 
years ago, a series of articles on servo- 
mechanism design was largely descriptive. 
Other articles were on a case-history level. 
Two years ago, we published a series on 
this subject that presented, essentially, a sim- 
plified view of the subject, using underlying 
mathematics and theory only when necessary 
to establish basic principles. 

Concluded in this issue is a third series 
of articles on “Automatic Control System 
Design.” The current series is major in depth 
and in scope. In combined reprint form it 
will total close to sixty pages. In depth, i 
is the most rigorous approach ever attempted 
in our pages. What Author Ritow (‘Fourier 
Analysis,” February 1959) has done is to 
provide the reader with a kit of analytical 
tools with which he can tackle any problem 
in closed-loop servos. In fact, the series began 
with two articles on mathematical techniques 

theory of complex numbers and Laplace 
transformations — before getting into such 
methods of system analysis as transfer func- 
tions, system equations and root-locus. 

What we are offering the reader is a 
modern text written in lucid form by an 
engineer-teacher of proved competence. It is 
not light summer reading; it is material that 
requires close study. We commend it to your 
study, and particularly to the older engineer 
who needs to become more than just familiar 
with these analytical techniques if he is to 
remain conversant with the latest technology 
as expounded by his younger colleagues. 


Frank 9, Cheray 


Editor 
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Compact tubular heat exchanger used in an 
electronic equipment design to remove and 
add heat as required. The exchanger is made 
entirely of aluminum and contains 150 tubes 
each 4 in. OD. Application and performance 


of the exchanger are shown in Figs. 1 and 2. 


ngineered Cooling 
uts Equipment Bulk 


The heat exchanger is the key to effective 
control of heat removal or addition for 
compact and efficient electronic equip- 
ment design. The cooling of the magnet 
of a high-power travelling-wave tube. for 
example, may require a_ recirculating 
liquid coolant; a heat exchanger is then 
necessary. The temperature in particular 
regions of an equipment assembly may 
be raised for greater component accuracy 
and stability, for instance, by using high- 
temperature air from a heat source such 
as power-plant exhaust, with a heat ex- 
changer to transfer the heat from the ex- 
haust air to the component environmental 
air. The design and use of heat exchangers 
involve a complex of factors which can be 
resolved analytically using empirically 


derived data and correction factors. 
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UNLIKE AUXILIARY HEATERS, which necessarily produce 
an increased quantity of coolant flow for a given ex- 
haust temperature, heat enchangers involve an_ inter- 
change of heat within a closed system, and utilize heat 
from the components themselves to raise the temperature 
level at any desired location. This permits flexibility of 
component arrangement, with an associated saving in 
the size and weight of component enclosures. 

Depending on the type and arrangement of surfaces 
employed, certain exchangers may provide the given 
amount of heat recovery with less heat-transfer surface 
than others. The equipment packaging engineer must 
select the type of heat-exchange surface most practical 
for his application from the standpoints of position and 
coolant routing, and must then select the most effective 
surface arrangement for the purpose of minimizing the 
size and weight. 

An example of an apparatus which requires a certain 
placement of parts is a rack containing several magnetic 
and electronic amplifiers, as well as a motor tachometer 
whose casing temperature is fixed at a constant value 
by a thermostatically controlled electric heater. Asso- 
ciated with each electronic amplifier is a precision elec- 
trical network containing very closely matched resistors. 
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Fig. 2—Temperature performance of the equipment and con- 


tained heat exchanger of Fig. 1. Line A-A represents the tem- 
perature at which the cooling air would arrive at the first com- 
ponent if the heat exchanger were not present. For an operating 
condition of —65 F, for instance, and with the heat exchanger 
operating, the temperature of the cooling air is always —11 F 
or higher at the equipment components (lines B-B and C-C). 
Line B-B shows the temperature of the air leaving the exchanger 
with the thermostatically controlled heaters fully operative, and 
line C-C shows this temperature with the heaters inoperative. 
Line D-D is the temperature of air entering the heat exchanger, 
heaters operative, and E-E is the entering air temperature, 
heaters inoperative. 
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Air exhaust 


Air exhaust 


Fig. 1—Arrangement of components and the heat exchanger, 
plus air flow path, in a typical design of electronic equipment. 
After passing through the lower compartment, which contains 
the tubes of the heat exchanger, the cooling air enters the 
upper compartment which houses all of the components of the 
equipment. The warmed air re-enters the exchanger by striking 
the obstruction plate and being forced down through the tubes 
to the floor of the lower compartment. The air is then brought 
back to the upper compartment inside the second tube pass, 
divides, and is carried down to the exhaust along the outside 
passes of the upper compartment. One component, a motor- 
tachometer, contains a_ thermostatically controlled electric 
heater. 


The resistors in the networks, while being matched to 
this high degree of accuracy and while dissipating only 
a negligible amount of heat, can function properly only 
if the temperature remains within certain limits. 

The best packaging arrangement, from the standpoint 
of minimum package size and weight, dictates placement 
of the amplifiers so that the networks will be directly 
in the path of the incoming cooling air. Since this air 
was at a temperature of —65 F, a small heat exchanger 
was designed to raise its temperature to 0 F and at 
the same time to reduce the build-up of heat in the 
cooling air within the housings. 

Figure | illustrates the arrangement of some typical 
components in the electronic package under considera- 
tion and the performance of the heat exchanger is shown 
in Fig. 2. While the use of such a heat exchanger permits 
a weight saving in both the air-conditioning and elec- 
tronic equipment, the weight of the exchanger itself 
(only 0.192 lb) is negligible when compared to the 
savings otherwise accomplished. The use of the exchanger 
does impose a slight pressure loss upon the system. 
However, at the most frequent operating condition of 
the air-conditioning system, this loss amounts to only 
0.71 in. of water. 

Transfer of Heat. Any heat-exchange process from 
a hot source fluid to a cold receiver fluid will result 
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emperoture 


Surface 


10ge > f 


Fig. 3—Expressions to be used in computing logarithmic mean 
temperature difference (4,,) for parallel flow (left) and counter- 
flow (right). 


in a thermodynamic change of enthalpy or heat content 
of either fluid. Since the change in enthalpy may be 
represented by 
AH C,AT (1) 
it can be seen that the total heat flow for W |b of fluid 
flowing will be 
0 W C,AT 4) 
where 
W weight rate of flow of fluid, lb/hr 
os specific heat of fluid at constant pressure, Btu/ 
lb-deg F 
AT change in temperature of fluid, deg F 
Q heat loss or gained by fluid, Btu/hr 


Since the heat lost by the hot fluid will equal the heat 
gained by the cold fluid, an energy 


O = WC (te — th) 


balance can be 


WiC (TM, — T) (3) 


written where the lower-case ¢ represents the colde1 


fluid temperatures and the upper-case 7 represents the 
warmer fluid temperatures. The subscripts c and h refe1 
to the colder and warmer fluid, respectively, and the 
subscripts ] and 2 refer to inlet and outlet temperatures. 

While the amount of heat transferred may be com- 
puted from Eq (2) or (3) above, the amount of heat- 
exchanger surface necessary to transfer this heat at the 
temperatures shown is related to the heat flow by the 
so-called rate relationship 

dO 


dS 0 (1) 


where dQ/dS the amount of heat transferred per unit 
surface area (Btu/sq ft-hr) and 6 
difference at this unit surface (6 T 


the temperature 
t deg F). 

Insertion of a proportionality constant [ 
heat-transfer rate equation 


yields the 


dO 


la 
dS 


Related Article in the 
ELECTRICAL MANUFACTURING 


Basic Science and Engineering Series 


“Heat Flow Theory,” Allan D. Kraus, April 1959, p 123 


For reprint ordering information see p 218. 
£ 


Here dQ/dS is the heat flux per unit surface area and 
it can be seen that U is an overall thermal conductance 
combining convective and conductive mechanisms and 
is based on the temperature difference 6 : t, and 
a unit surface area. 

If Eq (5) is compared to Ohm’s Law for steady-state 
direct currents, it can be seen that dQ/dS is analogous 
to / and @ is analogous to E. Constant U is then definitely 
a conductance and can be considered the reciprocal of 
a thermal resistance which has the following series com- 
ponents: 

(a) a hot-side film resistance due to convection 

(b) a wall resistance based on its thickness and 

thermal conductivity, 5 and K, respectively 

(c) a cold-side film resistance due to convection. 
Hence 


(6) 


where 
U, overall conductance based on cold-side surface, 
Btu /sq ft-hr-deg F 
hot and cold-side local conductances, respec- 
tively, Btu/sq ft-hr-deg F 

Bi Biss Or hot. wall and cold-side surface areas, 

respectively, sq ft 

It can be shown that integration of the rate equation 
{Eq (5)] will yield (since 6 is a function of S) 

0 = US@ (7) 
where 6,, the logarithmic mean temperature difference 
between warm source fluid and cold receiver fluid in 
deg F. 

The logarithmic temperature difference 6,, 
(LMTD) is computed as shown in Fig. 3. It should be 
noted that 6,, is strictly a function of the inlet and outlet 
temperatures of each fluid and the flow geometry. In 
one case both fluids enter at the same end of the surface 


mean 


configuration and in the other case the fluids enter at 
opposite ends. These are denoted as parallel and counter 
flow and it can be seen that only in the case of counter 
flow can the “colder” fluid leave the exchanger at a 
higher temperature than the temperature of the leaving 
“warmer” fluid. 

If the flow is neither parallel nor counter, the LMTD 
is adjusted by means of a percentage factor, F. This 
factor has been computed for several flow geometries 
by Nusselt and others (/)* and represents the ratio of 
the actual LMTD to that LMTD of a truly counter-flow 
exchanger operating under the same inlet and exhaust 
temperatures. As shown in Fig. 4, a multipass configura- 
tion is in part truly counter flow for half of its surface 
and in part truly parallel flow for the other half. I 
would be erroneous to compute 6@,, on the basis of paral- 
lel flow or on the basis of counter flow. because the actual 
value will lie somewhere between. 

The factor F is a function of two dimensionless tem- 
variables which are particularly significant 
in heat exchanger design and, as shown in Fig. 4, it is 


perature 
also a function of the flow geometry. 


a l 
0 , (n.5 ) (8) 


4, logarithmic mean temperature difference for 
true counter flow, deg F 


where 


s in parentheses refer to Cited Reter 
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Fig. 4—Exchanger having both parallel and 
counterflow paths. 


1) (t.—t,/(T,—1t,), dimensionless 
I/K (Toa) / (es 


Two particular configurations and their correction 


t,), dimensionless 


factors are shown in Fig. 5. 

The hot- and cold-side local conductances are also a 
function of the flow geometry but in addition are de- 
pendent on several other variables such as fluid velocity, 
temperature, specific heat, viscosity, thermal conduc- 
tivity and some significant dimension. The literature is 
full of correlations of experimental data and these cor- 
relations are the basis for the determination of the 
coefficients used in heat-exchanger design. 

For example, for a tubular heat exchanger, the cor- 
relations used are those of Seider and Tate (2) for 
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Fig. 5—Logarithmic mean temperature difference correction 
factors for two common basic configurations, 
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fluids inside tubes and Colburn (3) for fluids flowing 
normal to unbaffled tubes. 


Inside Tubes 
where dG/y > 2100* 


Hn er(H2)" (4) (2) 
where dG/y < 2100 
ee 6 (VC YMA] GE) 


Outside Tube Banks 
Staggered tubes, d,G/p> 2000 


hd§ ie ih eee ; Cpu ) 
= 0.3: 
OCS) CF 


In-line tubes, d,G/p> 2000 
06 


a 26,( 1 (Hex) 
oT 


In Eqs (9) through (12) above, 


h = local heat-transfer coefficient in convection, Btu 
sq ft-hr-deg F 

d inner diameter of tubing, ft 

k thermal conductivity of fluid evaluated at mean 
film temperature, Btu-ft/sq ft-hr-deg F 
specific heat of fluid evaluated at mean film tem- 
perature, Btu/lb-deg F 

ye viscosity of fluid evaluated at mean film tem- 

perature, lb/hr-ft 

GC mass rate of flow of fluid, lb/sq ft-hr 

d, outer diameter of tube, ft 

pe viscosity of fluid evaluated at wall temperature, 

lb /hr-ft 

Figures 6 and 7 show dimensionless plots of Eqs (9), 
(10), (11) and (12). These figures present the heat 
transfer parameter j as a function of dG/p or d,G/p. For 
d,G/p less than 2000 in Fig. 7, the correlations of Eqs 
(11) and (12) are extrapolated in accordance with a pro- 
cedure suggested by McAdams (4). In using Figs. 6 and 7, 
strict adherence to the directions provided is necessary 
since the figures are based on experimental data in a 
definite configuration. Deviations from these directions 
will lead to erroneous results. 

The relationships of Eqs (9) through (12) shown in 
Figs. 6 and 7 have been determined by a process known 
as dimensional analysis, which is a method of relating 
a number of variables into a single equation expressing 
an effect.' The method of dimensional analysis is par- 
ticularly useful when there is insufficient information 
to permit the setting down of differential equations or 
no clear picture can be obtained from physical laws or 
principles. Hence, dimensional analysis provides an em- 
pirical correlation of experimental data and because 
the analysis includes specific variables, the correlation 
must be used in exactly the same manner in which it 
is formed. 

Any heat exchange resulting from fluid flow through 
an exchanger surface configuration must be accompanied 
by a pressure loss due to friction, turns of the fluid 
stream, contractions and expansions due to the con- 
figuration, and entrance and exit losses to and from 
the configuration. The following are the pressure-loss 


* The Reynolds number. See Ergcraica. Manuractrurine, April 1959, pp 132-133 


+t For a discussion of dimensional analysis, see Evecraican Manuractunine, April 
1959, pp 129-130 
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relationships to be employed in the design or pertorm- 
ance prediction of a tubular heat exchanger: 


Inside tubes, all dG/p 
3.68 X 107? fLNG? 


“a 


0.0186 fN (Ginax)? (4) 


AP 
Outside tubes, all d,G/p 


p 

Equation (13) is the equation for fluids inside of 
tubes adopted by the heat exchanger industry. Values 
of the friction factor, f, were correlated by Seider and 
Tate and are plotted in dimensionless form in Fig. 58. 
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Fig. 6—Heat transfer, fluids inside tubes, showing heat transfer 
parameter j as a function of Reynolds number. 


— 





T 
+ 
f 

a 
+ 
+ 


. 


A ——t 
. Corrections 
efor in-line tubes multiply 
value of , by O8 
efor tube banks other than 
10 rows deep, multiply value 
of , by value given in tabie 








Fig. 7—Heat transfer, air flowing normal to staggered banks of 
tubes, showing heat-transfer parameter j as a function of 
Reynolds number. 
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Equation (14) is proposed by McAdams (5) based on 
the work of Chilton and Genereaux (6) for fluids flow- 
ing normal to the axis of a bank of tubes. The friction 
factors to be used in Eq (14) are also plotted in Fig. 
8 for an in-line arrangement and a ratio of tube spac- 
ing to tube diameter of 1.5, as suggested by McAdams. 

It can be seen that Eq (13) for flow inside tubes and 
Eq (14) for flow outside tubes will yield the pressure 
drop regardless of the value of dG/p or d,G/p, but that 
the friction factor depends strongly on the value of 
dG /» or d,G/p, as shown in Fig. 8. Caution should be 
used in applying the friction factors of Fig. 8 and a good 
text such as that of McAdams should be consulted where a 
question exists. The value of the tube spacing to tube 
diameter ratio used in Fig. 8 was selected because the 
illustrative example will make use of this ratio. 

If the value of d,G/p is between 2000 and 40,000, a 
method of determining the friction factor for flow out- 
side of tubes can be set down for a tube centerline-to- 
diameter ratio between 1.5 and 4.0 in the direction trans- 
verse to flow. These equations were obtained from the 
experimental work of Grimison (7): 


In-line tubes 
1.5 <X%p < 4.00 


2000 « 10,000 


Me 


f (0 044 4 re 08 - )(“ =) 
ae Mu 


Staggered tubes 


f (0 ee a )( oe) 
(Xp — 1)! im 
In Eq (15), m is calculated by 


P 1.13 io 
m 0.43 +4 X, (17) 


Application of Eqs (15), (16) and (17) should be 


made with the value of d,G taken at 10.000 if d,G is 
less than 10,000. 
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Fig. 8—Friction factor f as a function of Reynolds number, for 
an in-line heat exchanger tube arrangement with a ratio of tube 


spacing to tube diameter of 1.5. 
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In Eqs (13) through (17), the nomenclature is as 
follows: 


AP = pressure loss, in. of water 
f = friction factor, dimensionless 
L = tube length, ft 
N number of tube passes or number of tubes, di- 
mensionless 
G = mass rate of flow of fluid, lb/sq ft-hr 
G max — mass rate of flow of fluid, max, lb/sq ft-sec 
d = inside diameter of tube, ft 
1, = outside diameter of tube, ft 
S = specific gravity of fluid flowing, dimensionless 
p — density of fluid flowing, lb/cu ft 
XY ratio of tube spacing to tube diameter in the 
longitudinal direction of flow, dimensionless 
ratio of tube spacing to tube diameter in the 
transverse direction of flow, dimensionless 
viscosity of fluid flowing, lb/hr-ft 
viscosity of fluid flowing at tube wall tempera- 
ture, lb/hr-ft 
an exponent 0.14 for dG/p 2100, 
dimensionless 
0.25 for dG pp 
dimensionless 


2100, 


m = an exponent defined by Eq (17), dimensionless 


The Rating Method, The design of a heat exchanger 
by means of the rating method involves a trial and error 
method in which an overall conductance or rate is de- 
termined from the actual configuration and balanced 
against that required to perform the specific duty. It 
involves the following steps: 

(1) The assumption of a configuration. 

(2) The calculation of the configuration’s physical 

parameters (flow areas, surface). 

(3) The evaluation of thermal properties of the fluids 

involved in the heat exchange. 

(4) The determination of the flow rates and the local 

film coefficients and then the overall coefficient. 

(5) The calculation of the logarithmic mean tempera- 

ture difference and the factor F. 

(6) The determination of the required overall co- 

efficient. 

(7) The computation of the pressure drops. 
air-to-air ex- 


The illustrative example involves an 


changer where it is desired to raise the temperature 
level of a cooling-air stream to a value compatible with 
the accuracy and reliability of two specific types of 
electrical components. Figure 9 gives the properties of 
air which vary significantly with temperature and to 


which reference is necessary for the illustrative example. 
17.65 lb/hr of air 


from a temperature of 65 F to 0 F in a tubular 
heat exchanger. The tubular exchanger is dictated by 


Example: It is desired to warm 


a certain ease of placement in the electronic package. 
Available for the heating is the same air stream at 
a temperature of 145 F. The cold air is to be passed 
outside the tubes and the warm air in two passes 
inside the tubes. The tubes are to be 4% in. OD by 
0.021 in. thick wall. A total pressure loss of 1 in. 


of water is allowable. 


A work sheet for this exchanger design problem has 
been constructed and is shown in the accompanying 
table. In this table the steps outlined above are shown 
in great detail, explanations of the steps are given as 
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Viscosity, 
lb/hr-ft 


Btu/ib-—deg F 


Specific neat 


4 


0 0 40 80 120 !160 200 240 280 
Temperature, deg F 


Fig. 9—Thermal properties of air. 


a guide to the calculations, and actual numerical trials 
are made. Trial I is a deliberate mistrial and indicates 
at its conclusion the direction in which to proceed for the 
next trial. The table, then, is the actual solution of the 
design problem given in the illustrative example. 

While it has been found advantageous to illustrate 
the design of an exchanger by means of the rating method, 
it must be stated that there are more powerful methods. 
In addition, it should be mentioned that the tubular 
exchanger does not find widespread use in electronic 
equipment cooling systems. Most often, use is made of 
the so-called compact heat exchanger which can pack 
as much as over 500 sq ft of heat-transfer surface into 
every cu ft of exchanger volume. This enormous amount 
of surface is due to the mounting of a great many layers 
of fins between layers of prime surface, and the finned 
surface can amount to as much as 85 per cent of the 
total surface. An example of this type of exchanger and 
its mean temperature difference correction factor is shown 
in Fig. 5. Complete discussion of this cross-flow, com- 
pact exchanger is neither important nor necessary ex- 
cept to mention its advantages in passing. The tubular 
exchanger already discussed is an excellent example 
of the procedures necessary in evolving a design. 


The Effectiveness Method. The rating method has 
been used almost exclusively in the heat exchanger in- 
dustry, but the “effectiveness method” is 
achieving increasing popularity, particularly with ex- 


so-called 


perienced designers. This method can be used for de- 
sign but finds its greatest use in the determination of 
performance of existing configurations. 

The heat exchanger effectiveness is derived for parallel 
and true counter flow by balancing the energy relation- 
ships of Eq (3) and the rate equation of Eq (7). For 
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example, in the case of parallel flow 


Oo WC. (be ,) Wi, CT) T2) 
(T, — t) — (7: — 2) 
log r ; by op ° 
"ee & K capacity rate ratio W,C),/WC,, dimensionless 
Algebraic manipulation of Eq (18) will lead to the " exchanger effectivness (t.—t,) /(T,—1t,), di- 
expression for the parallel flow temperature effectiveness mensionless 


US (18) 


where 


Tubular Heat Exchanger Design Work Sheet 


Given conditions Log mean temperature difference 


17.65 lb/hr 
17.65 lb/hr 
65 F 


OF 


Heat balance (duty Correction factor (F 


W.C, (t t,) Btu/hr 


t.—t 
a8: 


17.65 (.241) (65) 277 1 
WiC, (T; T:) Btu /hr 


17.65 (.241) (65) 277 F 1.00 (Fig. 5) 


Item Dimensions How computed 


No. tubes wide (n,,) assumed 

No, tubes deep (n,) assumed 

Tube length (b) ; assumed 

No. tube passes (NV) assumed or given 

Tube size OD (d.,) ; assumed 

Tube wall thickness (6) ; essumed or given 

Tube ID (d) | d d 26 083 


Tube spacing (C.L.) ; assumed 16 


PHYSICAL DATA 


Free area external (A...) 1/144 ny b (C.L. d,) 01085 
Free area internal (A,,) 1/144 ny ng (1/4) d?/N 00282 
Surface (S) Z 144 z d.n,nub s 4096 


L/D ratio 


0390 


0427 


) @ tm Btu-ft /sq ft-hr-deg F 01177 


FLUID PROPERTIES 


Btu-ft/sq ft-hr-deg F 01312 01312 


(Continued on next page) 
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Similar equations can be derived for any counterflow 
arrangement through the use of the factor F, namely USF/W.C 
(USF/W.C.) 
K <1 


_ USE WC.) (1 — K)/K] K(lUSE/WeCAUK = 1 
USF/WeCe ((L — K)/K] 


kK 


KelUSF/WeCA((K — 1) K) _ y 


The parallel flow effectiveness is plotted in Fig. 10 


Item 


COEFFICIENTS 


h 
1 / hy 
1/U. 
U. available 


U.. required 


Remerks 

Re, 

f 

G*,, 

N 

p@ T, 

S @ T, 

AP inside tubing 
AP turns 


Re. 


PRESSURE DROPS 


f 
G max 


max 


P @ tn 


AP outside tubirg 


AP total 
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Dimensions 


lb/sq ft-hr 


Btu /sq ft-hr-deg F 


Ib/sq ft hr 


Btu/sq ft-hr-deg F 


Btu/sq ft-hr-deg F 


sq ft-hr-deg F/Btu 
sq ft-hr-deg F/Btu 
sq ft-hr-deg F/Btu 
Btu/sq ft-hr-deg F 


Btu/sq ft-hr-deg F 


sq ft-sec 
2/ft‘-sec 


ft 


How computed Trial I 


W,,/ Az 9400 
dG, uw@ Ie 


ig.6 @ L/D 24 min. 


d.G.-/u @ t, 
Fig. 7 


Fig. 7 


1 
0.80 Fiz 
d 


0.0925 
0.1071 
0 1996 
5.01 
Q/SF 6, 7.00 
Too smell. 


Add surf: ce ‘n 
Trial II. 


H/ Mw)* = 1.00 
from ebove 
Fig. 8 
G*, 
from above 

39.55/(460 + T,, 
p/62.4 

Eq (13) 

AP 0.00092 G*,/p| 10°' 
from above 
Fig. 8 
G,/3600 
G'max 

39.55/(460 
Eq (14) 


summation 


Trial II 


6260 
1016 


6.50 


12.38 


1626 
435 


14 


8 21 


0.0905 
0.1220 
0.2125 
4.70 
4.74 
Cicse enough. 
Cons der this as 
the design. 
1016 
072 


2 x 10! 


0740 
001185 


195 





Fig. 1 
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S 
YW -C 
Parallel-flow exchanger effectiveness. 











Counterflow exchanger effectiveness. 


and the counterflow effectiveness is plotted in Fig. 11. 
In both of these figures, 7 is shown as a function of the 
parameter US/W.C, or USF/W.C, for several capacity 
rate ratios. These important parameters provide a use- 
ful means of determining the performance of an existing 
exchanger. 

In the tubular heat exchanger having design data 
shown in the accompanying table, assume that water 
flows through the tubes at a flow rate of 11.5 lb/hr 
(cy 1.00) and enters at 190 F. Air is used to coo! 
0.241) at an 
entering temperature of 70 F. The overall heat-transfer 
coefficient has been calculated at a value of 16.6 Btu/sq 
{t-hr-deg F. It is desired to determine the exit tempera- 
ture of air and water. 

The steps to be followed are: 

(1) Form K and USF/W.C,: 

W,C, 11.51.00) 
Wal 30(0. 241) 


the water at a flow rate of 30 |b/hr (c, 


K 


USF 16.3(0. 4096)(0. 80) 
We 30(0. 241) 


oO 


It has been assumed that F 0.80, an assumption to 
be verified later. 
(2) From Fig. 11 determine the effectiveness: 
0.164 
(3) Calculate air-temperature rise and then air-tem- 
perature leaving: 
t t n (7; t;) 
t 0.464 (190 70) 0.464 & 120 
t 55.5 + 70 1935.51 
(4) Calculate water-temperature drop and then water- 
temperature leaving: 
T T: ] l 
to — t kK 1.59 
T, — T- 0.63 t,) 
T, = T, — 35 
(5) Verify F from Fig. 


0.63 


(0) Re-compute by assuming / 0.97: 


USF/WaA 16. 3€0. 4096)(0. 97) 0 907 
30¢. 241) 
0.519 
0.519(120) 62 
70 + 62 Se | 
0.63(62) 39 
190 39 511 
n 0.519 
0.63 
0.97 
As shown by the example, it is a relatively simple 
matter to determine the performance of an exchanger 
graphically by assuming only the value of the correction 
factor F. The procedure can be worked in reverse by 
knowing the effectiveness and by using Fig. 10 or 11 
to determine the value of USF/W.C,, from which the 
value of S or the exchanger size can be computed. 


(Continued on page 216) 
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Reference 
frequency 
Phase 
discriminator 


Feedback 
network 


Battery, 
27 volts 





Generator 
field 


Feedback 
net work 


Square - wove 
generator 
IS Volts, 400 c 


Fig. 1—Block diagram of transistorized, 1800 va _ inverter 
regulator. 


Airborne equipment, particularly inertial 
guided missiles, requires a precise and 
dependable a-c power source. The rotat- 
ing inverter has proved to be a good source 
but its accurate regulation has posed other 
problems. Several regulator designs have 
been tried and one incorporating magnetic 
modulators and transistor power ampli- 


fiers meets most of the requirements. 


W. J. KREIDER and N. JASPER 
Army Ballistic Missile Agency 
ReEDSTONE ARSENAL 

Huntsville, Alabama 


THE ELECTRICAL POWER used in the guidance and con- 
trol of short- and intermediate-range ballistic missiles 
is usually stored either completely or partially in the 
form of a 29-volt battery. However, most guidance and 
control equipment requires a-c power, thus making neces- 
sary a transformation from d-c to a-c. For the power 
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egulation 


R 
0 
Airborne 
Rotating 
Inverters 


range from 500 to 2000 va, the transformation can be 
achieved by the use of either rotating or electronic 
(transistor) inverters. In high power ranges, however, 
the latter have not proved to be reliable enough for use 
in missiles so that rotating inverters are currently in use. 

The next problem encountered involves the regulation 
of the inverters. Usually, these rotating inverters consist 
of a 27.5-volt d-c motor and a 115-volt, 400-cps generator. 
Inverters which have built-in frequency and voltage regu- 
lation systems are available commercially; however, 
they fail to meet the functional and environmental re- 
quirements of missiles for defense. 

Accuracy is of particular importance in such applica- 
tions. The accuracy of an inertial guidance system is 
partially based on the accuracy with which the inverter 
maintains its rated frequency and voltage during both 
flight preparation and actual flight. In most cases, ac- 
+0.002 and 0.01 per cent of rated 
frequency and between 0.3 and 0.5 per cent of 


curacies between 


rated voltage are regarded as necessary. For example, 
in the case of a 115-volt, 400-cps inverter, a frequency 
deviation of from 0.008 cps to 0.040 cps and a volt- 
age deviation of from 0.32 volts to 0.57 volts are 
the acceptable limits. 

The accuracies given above must be maintained under 
missile flight conditions. The following are approximate 
existing functional and environmental requirements for 
an inverter in an average ballistic missile: 

(1) Inverter input: from 25 to 29 volts d-c. 

(2) Load: 60 to 80 per cent of inverter’s rated load 


+20 per cent load change during flight. 





Rectifrer output, mo 


390 420 
Frequency, cps 


Fig. 2—Frequency-discriminator tank circuits and characteristic 
curves. 


(3) Temperature: ambient between 0 and 35 C with 
changes from 2 to 10 C during flight. 

(4) Acceleration: below 20 g for liquid propellant 
missiles; may exceed 20 g for solid propellant. 

(5) Vibration: below 10 g in lower audio range. 


New Design 


To meet the foregoing accuracy requirements, a new 
frequency and voltage regulator for rotating inverters 
was designed. Among the different possible designs con- 
sidered were: 

(1) A unit using a magnetic amplifier for the first 
stage and a carbon-pile regulator for the powe1 
stage. 

(2) A two-stage magnetic amplifier. 

(3) A unit using a magnetic modulator as the first 
stage and a transistorized power amplifier as the 
second. 

The first approach, using the carbon pile as the power 
stage, encountered difficulties in vibration and accelera- 
tion tests, has a short life, and was difficult to adjust. 
The second approach, which eliminates the difficulties re- 
sulting from the use of the carbon pile, used a two-stage 
magnetic regulating system and was successfully de- 
signed to meet the functional and environmental require- 
ments. However, two undesirable characteristics resulted: 

e Approximately 20 per cent of the available output 
power was used to supply the magnetic amplifiers with 
the necessary a-c power. This reduced the efficiency of 
the inverter considerably. 

e The output current of the magnetic amplifier changes 
abruptly between low and high values during a cycle 
and generates distortions in the inverter output wave- 
which can not be tolerated by some of the 
components supplied by the inverter. 

The third approach, using a magnetic modulator with 
switching transistors as power stages, was successfully 
designed to meet all requirements. It consumes negligible 
a-c power from the inverter, takes its required load power 
from a d-c source and is not sensitive to vibration or 


form 


acceleration. 


104 


Frequency Regulator 


The regulator block diagram is shown in Fig. 1. It 
consists of two main parts: the frequency regulator and 
the voltage regulator. Both regulators operate on the 
output of the inverter. The frequency regulator controls 
the drive motor field and the voltage regulator controls 
the generator field. The former includes a frequency 
discriminator, a remote synchronizing circuit, an ampli- 
fier system, and a stability feedback network. 

A frequency regulator of this type operates as a closed- 
loop control system. The frequency discriminator con- 
trols, through an amplifier system, the field current of 
the motor and, consequently, its speed and the output 
frequency of the generator. The frequency-sensing ele- 
ment is initially adjusted so that the output of the in- 
verter is exactly 400 cps. When a disturbance such as 
a change in load or in supply voltage tends to change 
the inverter frequency. the discriminator produces a 
signal which is amplified and applied to the motor field 
in such a way as to minimize the effect of the disturb- 
ance. As in every closed-loop system, there is an inherent 
error in the desired frequency output; but by proper 
design of the regulator, the error can be kept within 
tolerable limits. 

Frequency Discriminator. The 
element of the regulator can consist of either an induc- 
tive-capacitive (/C) discriminator or a combination of 
a secondary frequency standard and an LC discriminator. 
In the first case. the LC discriminator must be designed 
to have high stability and a low temperature coefficient. 
In the second possibility, the inverter is synchronized to 
a frequency standard and the frequency discriminator 
guides the machine speed into the limited synchronizing 
range of the phase discriminator after starting and after 


frequency-sensing 


the application of step loads. 

In relying on the LC frequency discriminator, only 
limited accuracy can be obtained due to the possibility 
of adverse temperature conditions. However, the intro- 
duction of the secondary frequency standard and the 
complexity of the attendant divider stages also can re- 
duce reliability. Therefore, an inverter syn- 
chronized to a frequency standard on the ground during 
flight preparation and relying on the LC discriminator 
during the short flight gives the necessary accuracy with- 


system 


out sacrificing reliability and simplicity of the missile- 
borne components. 

The frequency discriminator must transform into a 
d-c signal any deviations from 400 eps in the output. 
This is accomplished in two series-resonant circuits fed 
from the inverter output as shown in Fig. 2. One resonant 
circuit is tuned to approximately 380 cps and _ the 
other to 420 cps. The crossover point between the two 
(which deviates slightly from 400 because one of the 
tank circuits must also furnish the bias for the magnetic 
amplifier) represents the frequency reference. 

Since a closed-loop regulator depends on its reference, 
if the reference changes the controlled variable must 
follow. The crossover point mentioned above shifts when 
the ambient temperature changes or the inverter warms 
up after starting. An investigation of the components 
contained in the frequency discriminator indicates that 
the capacitors in the tuned circuits contribute most to 
the discriminator temperature coefficient. The use of a 
capacitor with a positive temperature coefficient in one 
tuned circuit and one with a negative coefficient in the 
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other tuned circuit considerably reduced the effect of 
temperature changes. With opposite temperature-coefh- 
cient capacitors and with temperature-stabilized, molyb- 
denum-powder cores in the chokes, the overall tempera- 
ture coefficient of the frequency discriminator is approxi- 
mately 30 to 40 ppm/deg C. 

Another important factor which must be considered 
is the retraceability of the discriminator components 
after temperature cycling. By selecting highly stabilized 
capacitors and cores, the percentage of retrace can be 
kept to a minimum. 

To achieve a high gain from the frequency dis- 
criminator, the highest possible input voltage must be 
applied to the tuned circuits. (Gain in this case is out- 
put current deviation for a given frequency deviation.) 
However, the input voltage to the discriminator is limited 
by non-linear effects in the core material (change in 
permeability ). The consequence of these non-linear effects 
is that the output is sensitive not only to frequency 
changes but also to voltage changes, which are unde- 
sirable. By proper selection of the core and design of 
the choke for a certain input level, a 1 per cent change 
in input voltage will have the same effect on the output 
as a frequency change below 0.01 per cent. This means 
that the operation of the frequency discriminator is 
practically independent of voltage changes. 

The currents in the two resonant circuits of the 
frequency discriminator are rectified and applied in 
opposition to two control windings of the magnetic 
modulator (Fig. 3). The net ampere-turns of these con- 
trol windings governs the output of the magnetic 
modulator. 

Amplifier System. The full-wave magnetic modu- 
lator is driven by a series of rectangular pulses obtained 
from a square-wave generator. (])* This is done so that 
the output from the modulator is a series of rectangular 
pulses whose durations are proportional to the net input 
signals from the frequency discriminator. The magnetic 
modulator tus performs three functions: 

(1) It summarizes the signals coming from the dis- 

criminator. 

(2) It acts as a pulse-duration modulator. 

(3) It amplifies the signal to a level sufficient to drive 

the power transistor (about 0.5 watt). 

The germanium power transistor consumes very little 
power in comparison to the amount it controls. Actually, 
it behaves almost like an ideal switch. It has an “on” 
resistance of 0.05 ohm and an “off” resistance of about 
10 k, and is switched on and off at a constant repetition 
rate of 800 cps. As the width of the pulses from the 
modulator varies, the ratio between on and off time 
varies, thereby changing the average output. The tran- 
sistor amplifier is thus able to control between 1 and 4 
amp of motor shunt-field current in order to maintain 
frequency control over the entire input voltage range 
(25 to 29 volts d-c) and load range (60 to 80 per cent 
of rated). This type of operation is known as _ pulse 
duration modulation. (2) 

Figure 4. shows the characteristic curve of the magnetic 
modulator and transistor amplifier combination. The 
temperature rise of the power transistor is approximately 
12 F above ambient. By using a positive feedback in 
the magnetic modulator the steady-state gain of the 
frequency regulator (including the frequency discrimi- 


*Italic numerals in parentheses refer to Cited References at end of article 
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Square-wave ; 
generator 


modulator \ 
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Fig. 3—-Schematic of frequency regulator. 


Output current, amp 


06 04 
Control current, ma 


Fig. 4—Characterist:c curve of amplifier system con- 
sisting of magnetic moduia:or and power transistor. 


400 cps 
inverter frequency 


Fig. 5—Block diagram of synchronizer circuits. 





Frequency, cps 


Fig. 7 


nator) is 400 amp per cycle. The modulator winding 
and RC circuit at the top of Fig. 3 
back stabilization network to prevent hunting. 
Synchronizing Circuits. As previously stated, the 
inverter is synchronized to a 400-cps standard during 
the pre-launching period, the frequency during flight 
depending only on the LC frequency discriminator. The 
circuits used for this purpose, besides having a syn- 


constitute a feed- 


chronizing capability, must insure that the frequency 
does not change after the synchronizer is disconnected. 
A block diagram of these circuits is shown in Fig. 5. 

The inverter output is compared with the output from 
a 400-cps frequency standard in a phase discriminator. 
The discriminator produces an output voltage propor- 
tional to the phase difference between the inverter and 
the standard. This signal is then amplified and applied 
to a small d-c motor which drives the shaft of a poten- 
tiometer. The potentiometer, as shown in Fig. 3, varies 
the bandwidth of the tuned circuits of the LC discrimi- 
nator and thus controls the crossover point which rep- 
resents the frequency reference. Thus, in a closed-loop 
system, the frequency reference of the inverter is slaved 
to the frequency standard. 

The synchronizing unit remains engaged until a desig- 
nated time before lift-off. At this time, the synchronizer 
is isolated from the inverter and the frequency regula- 
tion depends solely on the LC discriminator. The fre- 
quency is subject to some slight drift depending on the 
quality of the LC discriminator and changes in environ- 
mental temperature. 


Voltage Regulator 


The voltage regulating system is identical to the fre- 
quency regulator except for the discriminating 
(Fig. 6). The content of higher harmonics in the 
output is relatively low and does not change appreciably 
under different load conditions. Proportionality exists, 


network 
inverter 


therefore, between the peak voltage, the average voltage, 
and the rms voltage. This makes the design of the volt- 
age discriminator straightforward. 


eee to 
oasis dD 
eR cs BD 


8 
8 


27 
0-C input volts 


Output frequency and voltage vs dc input voltage. 


115.30 


115.20 


tput avg of 3 


phases , volts 


g 
Ou 


Fig. 8—Output frequency and voltage vs load. 
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seins 
Magnetic 
modulator 


Fig. 6—Schematic of voltage regulator. 


The 3-phase output of the inverter is rectified and 
compared with the voltage across either a zener diode 
or voltage reference tube. This difference is then applied 
to the control winding of the magnetic modulator. The 
discriminator shown in Fig. 6 is for a 3-phase inverter 
output; a similar unit for a single-phase output would 
be feasible. 


Performance 


Figures 7 and 8 show output frequency and voltage 
for several production units of the regulator plotted 


Frequency, cps 
Output avg of 
phases, voits 


115.0 


a, 


Voltage sq 115.2 


Frequency, cps 
phases, volts 


Output avg of 3 


30 
Temperature, deg C 


Fig. 10—Output vs temperature rise. 
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against supply voltage and load changes. For these 
graphs the inverter was not synchronized and all fre- 
quency and voltage outputs depended on the LC fre- 
quency discriminator. These results are also for a 3- 
phase discriminator. The graphs show that the total 
frequency and voltage deviations did not exceed 0.005 
per cent and 0.3 per cent, respectively. 

The voltage and frequency drifts at a constant ambient 
temperature over a period of time are shown in Fig. 9. 
Since a short warm-up time is essential, temperature- 
sensitive components in the discriminators are located 
as far as possible from the components in the ampli- 
fiers that give off a great deal of heat. By properly 
utilizing the air flow provided by the motor and genera- 
tor fans, fast temperature equilibrium can be achieved. 

Figure 10 shows the effect of increasing temperatures 
on the output voltage and frequency. The temperature 
was varied from 10 to 50 C in 10-deg steps. The fre- 
quency and voltage deviations did not exceed 0.003 per 
cent per deg C and 0.009 per cent per deg C, respectively, 
over the complete temperature range. The response time 
of the inverter without synchronizer when an instan- 
taneous load of 840 va is applied is shown in Fig. 11. 
Frequency and voltage responses are approximately 1 sec. 

The weight of the inverter and regulator described is 
not greater than that of conventional aircraft inverters 
and the following advantages are obtained: 

(1) higher accuracy, 

(2) better resistance to shock, vibration and accelera- 

tion, 

(3) higher efficiency. 

This regulating system has been designed using an 
inverter manufactured by the Bendix Aviation Corpora- 
tion. However, rotating machinery from other manufac- 
turers (Jack and Heintz, Inc., and Leland Electric Com- 
pany) has been successfully tested with the same regu- 
lator. 


Measuring Techniques 


To obtain accurate results in measuring inverter out- 
put frequency and voltage, refined testing methods must 
be used. Also, when testing inverters in production quan- 
tities, it is desirable to have the testing procedure at 
least semi-automatic. Figure 12 is a block diagram of 
this measuring system. 

Frequency. To obtain an accuracy of 0.001 per 
cent or 0.004 cps, a frequency multiplier and a counter 
are used. The multiplier consists of a square-wave shap- 
ing network from which the 25th harmonic is extracted 
by an intermediate-frequency bandpass filter. This gives 
a multiplier output frequency of 10 ke which is fed into 
a counter with the counting period set at 10 sec. A read- 
ing on the counter of 100 ke represents an inverter out- 
put frequency of 400 cps. Therefore, one cycle deviation 
from this reading represents an inverter frequency de- 
viation of 0.004 cps. To minimize the error in the 
counter, an average of six readings is taken. 

Voltage. In measuring the output voltage of the 
inverter, each of the three phases is measured separately 
and the three values are averaged. The readings are taken 
on three expanded-scale, zero-center meters which actu- 
ally give a d-c reading proportional to the measured a-c 
voltage minus 115 volts a-c. These three d-c signals are 
then averaged in a summing network and read into a 
digital voltmeter. The reading on the voltmeter (as well 
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Voltage 
5mm=0.25 volts 


Frequency 
5mm= 1.5 cps 





Voltage 
5mm= 0.25 voits 


Frequency 
5mm=1.5 cps 


RURDE “SAR aes 
Load off 
Time scale -5Omm=! sec 


Fig. 11—Output voltage and frequency-response time for an 
instantaneously applied load. 


as the frequency reading) is recorded on a printer. 


Conclusion 


The pulse-duration modulated transistor switches for 
field control of electrical machines are not limited to 
this application. The same principle has been success- 
fully adapted for a programmed speed-control system of 
a 7-hp d-c motor and for voltage regulation of a 27.5- 
volt, 7.5-kva, d-c aircraft energizer. 

The present limitation of the system described here 
lies in the current-handling capabilities of available tran- 
sistors and the maximum junction operating temperatures 
of germanium transistors. However, the development of 
the controlled silicon rectifier and the high-power silicon 
transistor with a low saturation resistance provide new 
possibilities in the application of semiconductor devices 
for the control of rotating machines. OOO 
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Fig. 12—Block diagram of test circuits. 





Determination of 
Electrical Resistance 
Of Metal Parts 


The accompanying tables list metallic 
materials most likely to be used in design, 
with their electrical resistivity character- 
istics. A nomogram for calculating total 
resistance of circular cross-sections is also 


presented, 


Mathematical Determination of Electrical Resistance 


THE ELECTRICAL RESISTANCE of a conductor can be 
determined from the specific resistance of the mate- 
rial of which the conductor is made. The relationship 
used to determine the resistance is: 


l 
{ 


a9 


where 

R = resistance in ohms 

p = resistivity of the material 

Il = length of conductor 

4 = cross-sectional area of 

conductor 

Example: Find the resistance of a 10-ft length of a 
0.375 in. diam. red of 5056 aluminum in condition 
H38. 

From the table, p 2.52 microhm-in. Then the total 
resistance R equals: 

10 « 12 


R= 252 2740 microhms — 0.00274 ohms 
0.1105 


units of these 
quantities must 
be compatible 


C. A. ESCOFFERY 
INTERNATIONAL RECTIFIER CORPORATION 
El Segundo, California 


IN ELECTRICAL DESIGN it is not always economically 
nor mechanically feasible to include a separate system 
for conducting an electrical current. Sometimes it is 
better to make use of materials or components which are 
already in the design for structural or other reasons. 
At other times, some special effects such as resistance 
vs strain (as in the case of strain gages), resistance vs 
temperature (resistance thermometer), or other special 
applications of a resistance function are necessary for a 
functional design. This necessitates choice of a specific 
material. There may also be desirable secondary effects 
indicated in designing a piece, such as the generation 
of heat in a conducting bi-metallic strip to produce the 
necessary deflection in controlling or indicating. All of 
these applications of electrical resistance are functions 
of the resistance of the circuit and/or its component 
parts. The resistance of the individual portions of an 
assembly may be accurately estimated from the resistivi- 
ties and dimensions of the materials from which the 
components are to be made. Resistivities of metallic ma- 
terials most likely to be used in electrical or electronic 
design have been compiled in the accompanying tables. 

Almost as important as the value of the resistivity it- 
self is the amount of variation in properties which may 
be obtained through small changes in composition or 
alloying content, or changes that may result from physical 
working or heat treatment. For this reason, many simi- 
lar alloys have been listed as well as occasional changes 
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in heat treatment. While small changes in resistivity 
can ordinarily be expected as a result of changes in 
heat treating and in small changes in alloy content, this 
is not always the case. Although such changes are ordi- 
narily not large, small changes may be of importance 
in design. 

Since most materials used to transmit current are in 
the form of wire having a circular cross-section, a nomo- 


graph to aid in the determination of the total resistance 
of wires of different diameter, materials, and lengths 
has been included at the end of the article. This nomo- 
graph has a column giving the resistance in ohms/in. 
which may be used to determine the required length 
of wire for a desired resistance or, by using the values 
of areas instead of diameter, easily calculating the re- 


sistance of any shape of cross section. O00 


Approximate Electrical Resistivities of Metals and Alloys 


microhm™! em™!, The values in this column 
where R is in microhm-cm. 

(4) The resistance R at a temperature ¢ in deg C 
calculated from the relationship 


Votes (numbers refer to italic numerals in tables) : 1.724/R 
(1) This is the value ordinarily taken from the reference. 
Where the information given in the reference was dif- 
ferent, the resistivity at 20 C (68F) has been calculated 
and is shown in parentheses. R=Rv ll + atl 


can be 


The resistivity p is the specific resistance and, in ecgs units, 
RA ohm cm? 


p= : ohm-cm 


where 
Ry = resistance at 0 deg C 
a = temperature coefficient 


l 


cm 


The tabulated value of @ is strictly valid only for the tem- 
or, when multiplied by 10-6, microhm-cm. The tabulated perature(s) specified. 
values for microhm-in. were obtained by dividing the 


‘ ; - at 0 deg C. 
values in microhm-em by 2.54. 


at 19.6 deg C 
at 18 deg C 
0.5800 at 50 deg C 


The value for 100 per cent conductivity at 20 C for the 
International Annealed Copper Standard is 


Resistivity Temperature coef- Resistivity 
ficient of electrical at 
resistance per deg 20 deg C 


(4) 


Temperature coef 
ficient of clectrical 
resistance per deg 


(4) 


at 
20 deg C 


Mi- Mi- Mi- Mi- 
crohm- crobm- Temp crohm- crohm- 


Temp 
em (1) in. (2) deg (C) em (/) in. (2) 


deg (C) 


Aluminum (99.996 

Al) 2.655 1.05 
Antimony (fully 

annealed) (39.8 ) 15 
Arsenic (37.9 ) 14 
Barium 98 3 
Beryllium | ( 6.66) 2 
Bismuth } ( 120 ) 47 
Cadmium (99.9 

fully annealed) 
Calcium ( 3.74) 1 
Carbon (graphite) 1375 (5) 542 
Cerium 78 31 
Cesium (20.8 ) 8 


00429 20 


00515 | 0 to 100 
0042 20 
0033 20 
00667 20 
004 20 


Platinum, Type A 
(99.99 per cent Pt) 
Platinum, Type B 
(99.9 per cent Pt) 
Platinum, Type C | 
(99.5 per cent Pt) 
Platinum, Type D 
(99.0 per cent Pt) 
Platinum—5 per 
cent iridium 
Platinum— 10 per 
cent iridium 
—80 to Platinum—25 per 
+ 25 cent iridium 
Platinum—-5 per 
cent ruthenium 
Platinum—10 per 
cent ruthenium 
Platinum—1 per 
00365 80 to cent nickel 
1000 Platinum—2 per 
cent nickel 
Platinum—5 per 
cent nickel < 2 002 100 
Platinum—4 per 
cent tungsten 


00364 20-100 


0036 20-100 
0035 20-100 


0034 20-100 
( 7.42) 2 0043 0 to 100 


00457 


oo cocecoc © 


0020 100 


7 0013 100 
004 


00065 100 
Chromium (electro- 

shromium) 14.1 
Cobalt (99.91) ( 6.22) 
Copper (pure) 1.6730 
Gallium $3.4 (5)| 2 
Gold 35) 


0009 1000 


00551 Oto 100 


— a —  — 2 — ee — es — ee — 2 — ee — ) 


0008 1000 


oronuw 


Lc 
w 


0033 100 


Indium 

Iridium 

Iron 

Lead 

Magnesium 

Mercury 

Molybdenum 

Nickel 

Osmium 

Palladium (an- 
nealed) 

Platinum 

Rhodium 

Rubidium 

Silicon 

Silver (extremely | 
pure, melted and | 
annealed in vacuo) 1.59 

Sodium ( 4.8 ) 20 

Strontium 22.76 

Sulfur (rhombic) |} 2 X 10% 

Tantalum | (13.52) 

Tellurium 2 X 105 


00394 
00392 


So 


003 100 
0 to 100 


0040 20 
00089 20 
0050 0 to 140 


Co wn 
Caounsoouo wv 


0042 0 to 100 


00377 | 0 to 100 
00392 | 0 to 100 
00457 | 0 to 100 


Pe SP WNK DK DBWHW 
COnW NNN OK Oe 


The tables on this and the following pages cover the 
following metals and their alloys: 
Aluminum ... Table XIV Palladium 
Copper . Tables IX and X 

Iron ... Tables III and IV 


0 to 100 


....Table VII 
Table I 
Table VII 


0 to 100 


Tin | 20 
Titanium | 
Tungsten 
Uranium 
a 

inc (polycrystal 

line) 

Zirconium 


0 to 170 


Miscellaneous alloys 


Nickel Tables XI and XI) Table ‘XIII 


0.00438 
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Resistivity Temperature coef- 
at ficient of electrical 
20 deg C resistance per deg 


Conductance 
(per cent 


Microhm-cm | Microhm-in. IACS) 


(1) (2) 
Carbon steels 
0.06 C, 0.38 Mn 
1006 range) 
0.08 C, 0.31 Mn 
(1010 range) 
0.23 C, 0.635 Mn 
(1020 range) 
0.415 C, 0.643 Mn 
(1040 range) 
0.80 C, 0.32 Mn 
(1078 range) 
1.22 C, 0.35 Mn 


Alloy steels 

0.23 C, 1.51 Mn, 
0.105 Cu 

0.325 C, 0.55 Mn, 
0.17 Cr, 3.47 Ni 

0.33 C, 0.53 Mn, 
0.80 Cr, 3.38 Ni 

0.325 C, 0.55 Mn, 
0.71 Cr, 3.41 Ni 

0.34 C, 0.55 Mn, 
0.78 Cr, 3.53 Ni, 
Mo 

0.315 C, 0.69 Mn, 
1.09 Cr, 0.073 Ni 

0.35 C, 0.59 Mn, 
0.88 Cr, 0.26 Ni 

0.485 C, 0.90 Mn, 
1.98 Si, 0.637 Cu 


High-alloy steels 

1.22 C, 13.0 Mn, 
0.22 Si 

0.28 C, 0.89 Mn, 
28.37 Ni 

0.08 C, 0.37 Mn, 
19.11 Cr, 8.14 Ni, 0.60 
w 

0.13 C, 0.25 Mn, 
12.95 Cr 

0.27 C, 0.28 Mn, 
13.69 Cr 

6.715 C, 0.25 Mn, 
4.26 Cr, 18.45 W, 1.075 
Vv 


lron-manganese alloys 
26 per cent Mn 
30 per cent Mn 
35 per cent Mn 
40 per cent Mn 
42 per cent Mn 
45 per cent Mn 
48 per cent Mn 


Malieable irons 
ASTM Spec. A47-33, 
Grade 35018 
ASTM Spec. A47-33, 
Grade 32510 


Nickel steels 
AISI 301 
AISI 302 
AISI 302 B 
AISI 303 
AISI 304 
AISI 308 
AISI 309 
AISI 310 
AISI 316 
AISI 321 
AISI 347 
36 per cent Ni (Invar) 
42 per cent Ni 
50 per cent Ni 
4 per cent silicon iron 


SNH NNHNHNNWD 


NNN 


sO~ 
omw 


os 
Se 


Table 1V—Other Iron Alloys 


Resistivity at 20 deg C 


Microhm-cm 
(1) (2) 


Annealed carbon-steel 
castings 
0.07-0.20 per cent C 
0.20-0.45 per cent C 
0.45-1.50 per cent C 
Low carbon ingot iron 
Bessemer stecl 
Cast (carbon) steel 
Malleable iron 
Cast iron 


Cnunsowue 
SQACUnNAuM 
Cowon 


wom 


110 


Microhm-in. 


(3) 


PPuUannng 


NWNHNHNHHNHNHNHNNNHN NH 
CAMVKSSWSSSSSSSS 


Conductance 
(per cent 
IACS) 

(3) 


Mi Mi- 
crohm cro} m- 
cm (1) in. (2) 


916 32 
Zamak—3 3694 2.50 
Zamak—5 5359 2.57 
Zamak— 2 8493 69 
Commercial rolled 06 | 

zinc 6.10 39 
Zilloy 40 22 | 45 
Zilloy 15 31 | 2.48 


Pure zinc 


Resistivity at 20 deg C 


Microhm-cm 
(1) 2) 


Corroding lead 
99.73 per cent Pb)* 

1 per cent antimonial lead, 
heat treated, quenched 
and aged 150 days 

Hard lead, heat treated, 
quenched and aged 150 
days 

8 per cent antimonial lead, 
heat treated, quenched 
and aged 150 days 

50-50 soft solder 

Lead-base babbits 


20.648 
22.0 
24.0 


26.5 10 
15.6 6 
1 


28.2-28.7 11 1.3 


» Temperature coefficient of electrical resistance per deg C (a 


from 20 to 40 C. (4 


Resistivity at 20 deg C 


Microhm-cm 
1) 2 


Pure tin (99.8 +4 
polycrystalline 
Antimonial tin solder 
95 Sn—5 Sb 
Tin-silver solder 
95 Sn-—5Ag 
Eutectic solder 
(63 Sn—37 Pb) 
Tin foil 
White metal 5.48 


Temperature coefficient of electrical resistance per deg C (a 


from 0 to 100 C. (4 


Temperature coefficient of electrical resistance per deg C 


from 0 to 100 C. (4) 


Table Vill—Palladium Alloys 


at Con- 


0.00419 
0.003774 
0.003527 


Microhm-in. 


Microhm.-in. 


fic 


C (4) 


Temp 
deg (C) 


0-100 
0-100 
0-100 


Conductance 
(per cent 
IACS) 

3) 


6.5 
11 
6-6.1 


0.00336 


Conductance 
per cent 
IACS) 
3) 


0.00447 


a) 0.00423 


ient of electrical 


Resistivity | Temperature coef 
| 


duc- 
tance 
per 
cent 
IACS 
(3 


20 deg C 


Mi- | Mi- 

crobkm crobm- | 
em (J) in. (2) | 
10.8 4.2 16 0 
4.1 0 


Palladium 
60 Pd—40 Ag 42 17 
60 Pd—40 Cu 

nealed and 

quenched) 35 14 0 
60 Pd-—40 Cu (cold 

worked and heat 

ed to 300 deg C 


ELECTRICAL 


resistance per deg 


C (4) 
Temp 
a deg (C) 


00377 
00002 


0-100 
20-100 


00032 20-100 


00224 20-100 
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Temperature coef- Temperature coef- 
a ficient of electrical at Con- ficient of electrical 
20 deg C - resistance per deg 20 deg C duc- resistance r deg 

C (4) alan | tance c a 

| | (per 

Mi- Mi- Mi- Mi- cent | 
crohm- crohm- Temp crohm- crohm- | IACS) | Temp 


| em (J) in. (2) deg (C) cm (/) in. (2) | (3) deg (C) 


Resistivity Resistivity 


| Pure nickel (99.95 
Copper, pure (spec- | Mi + Co) | 6.84 
trographically | A nickel (99.4 Ni 
pure) | 1.6730 0.66 103.06 0068 + Co) 
Copper, oxygen-free, | D nickel (95 Ni 
hard (OFHC) | 4.5 Mn) 
Copper (annealed) (1.70) | (0.67 —) 101.7 Z nickel (94 Ni 
Copper, electrolytic | 4.5 Al) 
tough pitch (99.92 | | Cast nickel 
Cu—0.04 O) 71 0.67 101 Monel 
Copper, deoxidized Cast Monel 
annealed (99.94 K Monel 
Cu—0.02 P) | 80 85 S Monel 
Gilding metal (95 Hastelloy A 
Cu—5 Zn), an- Hastelloy B 
nealed 56 00231 Hastelloy C 
Bronze, commercial Hastelloy D 
(90 Cu—10 Zn), | 
annealed 44 00186 Inconel 
Brass, red (85 Cu | Inconel X 
15 Zn), annealed | | 37 0016 | Incalloy 
Brass, low, annealed 32 00154 Nichrome (60 Ni, 
Brass, cartridge, an- | | 24 Fe, 16 Cr) 112 1 
nealed 28 001484 Nichrome (80 Ni, 
20 Cr) IV 107.9 4 1.6 
Ni Resist, Type 1 (175) (5) (5) 0.98 (5) 
Ni Resist, Type 2. | (175) (5) (5) 0.98 (5) 
35 Ni, 50 Fe, 15 Cr 100 1.7 0.00031 
Constantan | 
(wrought) | 3.5 


25 0.0069 0-100 


9.5 18 | 0.00474 | 20-100 


=- 
N 


0.0011 | 
0.00018 


@mocoovc vn 


zero 


zero 
almost 
zero 
0.000125 


eee WWW OS 
O CED MWWESNONDANS 


0.00017 
0.000219 


0.000025 
Table X—Other Copper Alloys 


| Resistivity at 20 deg C 

nate Conductance 
(per cent 

Microhm-cm | Microhm-in. IACS) 


(1) | (2) (3) . Conductance 


| (per cent 
Microhm-cm | Microhm-in. IACS) 


= (1) (2) | (3) 


Brass, yellow, annealed 

Muntz metal, annealed | 

Bronze, leaded commercial, | 
annealed 

Brass, low-leaded, annealed 

Brass tube, low-leaded, an- 
nealed 

Brass, medium-leaded, an- 
nealed 

Brass, high-leaded, annealed | 


an 


Temperature compensation 
alloys 
30 per cent Ni type 
32.5 per cent Ni type 


42 
26 


26 


Rectangular hysteresis 
alloys 

50 per cent Ni type 

65 Permalloy 
26 Magnetostrictive alloys, 
26 A Nickel 

Insulated powder alloy 

28 2-81, Permalloy 


26 
26 


an fa AS 


Brass, extra - high - leaded, 
annealed 

Brass, free-cutting, annealed 

Muntz metal, leaded, an- 
nealed 

Muntz metal, free - cutting, 
annealed 

Forging brass, annealed 

Architectural bronze, an- 
nealed 


27 Very-high-permeability 
27 alloys 

78.5 Permalloy, 78.5 Ni 
28 Modified 79 Permalloy, 

79 Ni + 4 Mo 
24 Mumetal, 77 Ni + 5 Cu 
26 + 1.5 Cr 
Supermalloy, 79 Ni + 5 
Mo 





Admiralty metal, annealed 

Brass, naval, annealed 

Brass, leaded naval, an- 
nealed 

Bronze, manganese, an- 
nealed 

Brass, aluminum, annealed 

Phosphor bronze, 5 per 


Oo anadadwad aoa 


26 


24 High-permeability alloys 
23 for higher field 
strengths 


sn 


cent, Grade A 
Phosphor bronze, 8 per 
cent, Grade C 


Phosphor bronze, 10 per 
cent, Grade D 

Phosphor bronze, 1.25 per 
cent, Grade E 

Cupro-nickel, 30 per cent 

Nickel silver, 18 per cent, 
Alloy A 

Nickel silver, 18 per cent, 
Alloy B 


Silicon bronze, Type A, an- 
nealed 

Silicon bronze, Type B, an- 
nealed 

Aluminum bronze, 5 per 
cent, annealed 

Aluminum bronze, 10 per 
cent, annealed 

Beryllium copper, solution 
treated, quenched 


Beryllium copper, solution 


treated, quenched and 
precip. hard 
Leaded tin bronze 
Leaded tin bearing bronze 
Brass, leaded, semi-red 
Brass, leaded, yellow 
Brass, high-strength, yellow 


np 


w 


50 per cent Ni type alloys | 
Monimax 
Sinimax 


Constant-permeability 
alloys 
45-25 Perminvar 
7-45-25 Perminvar 
Conpernik 


' *, * ' 


Resistivity at 20 deg C 


Microhm-cm 


Alumel 

Brass 

Bronze 

Cast iron 

Chromel 

Constantan 

Ferrite 

Hadfield manganese steel 
Invar 


Conductance 
(per cent 
Microhm.-in. IACS) 
(1) (2) (3) 
33.3 13 5.2 
4-7 2-3 29 
13-18 5 
57-114 22 
70-110 
47-51 
9.5 
29-67 
75 


Nickel silver 
Aluminum bronze 


| 


— 


Monel 42.5-45 
Wood's metal $1.7 


nN 
SPaBQDwoarn 
De unwon wow 


——— ——————————————eeSeSeTSTSTSFSe 
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Resistivity at 20 deg C Resistivity at 20 deg C 
Conductance Conductance 
- . per cent (per cent 
a m-cm  Microhm IACS Microhm-cm | Microhm-in. a 
4 3 (1) (2) (3) 


99.996 per cent Al* 2.6548 1.04 65 


99.80 Mg (polycrystalline)* 4.46 76 
Mazlo AM-CS59S, wrought 18.0 1 

11S yy | Mazlo AM-265, Dowmetal 
1.19 7 H 
1.36 As cast 11.5 
1 61 é Heat treated 14.0 
1.65 | Heat treated and aged 12.5 
1.70 Mazlo AM-260, Dowmetal 
1.70 % 14-16 
1 36 Mazlo AM-263, Dowmetal 
1.70 R 17.0 
1.51 Mazlo AM-403, AM-3S, 
2 26 Dowmetal M 5.0 
448 1. 36 : Mazlo AM-C52S, Dow- 
310 1.70 metal FS-1 9 
448 : 36 | Dowmetal JS-1 13 

1 

1 

1 

1 

2 

2 

1 

1 

1 

2 


1100 -99.0 per cent Al 
1100-0 
1100 
3003 
3003 
3003 
3003 
2011 
2014 
2014 
2017 
201/ 
2018 
2018 
2024 
2024 
4032 
4032 
5052-0 
5052 H: 
5056 0 
50560 -xf : 
6061 0 
6061 —T 4 
6061 T 6 
7075—-T 6 


13 Alloy, DC 
43 Alloy, SC’, PM», DC 
as cast 


922 
025 
448 
105 
205 
310 
310 
448 
310 
831 
747 


18 


2 
14 


JOMOMOHOHE Tom 


son 


747 26 Mazlo AM-C57S, Dow- 

310 70 metal J-1 14 

926 94 35 Mazlo AM-C58S, Dow- 

926 94 35 metal O-1 11.8-16. 2 10.6-14.6 
926 94 : Mazlo AM-65S, Dowmetal | 


945 34 2 D 13.8 { 4 | 12.5 
SS 


386 52 


831 51 * Temperature coefficient of electrical resistance per deg C (a) 0.01784 


310 70 at 20 C. (4) 
310 70 


747 26 
421 | 1.74 


> NSSWAUSSSSUWSWUWSWSSSSWHN 


660 84 
SC, PM (annealed 105 j 61 

85 Alloy, DC 158 43 

108 Alloy, SC 5.562 

Allcast, SC, PM 
(as cast) 39) j 52 
stress relieved) 75) 26 


Solution heat treatedand | Resistance Nomogram 
od (5.75 26 3 
Solution heat treated and For Circular Wires case: 


stress relieved 4.79) 


AL. 


,p Problem: 
+r 3 Alloy, SC. sas 3.747 2 Find the resistance of a 50-ft length of 0.020 diam 


C —113 Alloy, PM 386 «oh. : iti 
122 Alloy, SC, condition high-leaded brass in the annealed condition. 
T—2 





205 | y : 
SC, condition T 61 5 225 2 Solution: 

a is) A a |e ‘4 1. Look up the resistivity in the table. 
T—551 5 945 3 p = 2.6 microhm-in. 


a en oe aie 2. With the aid of a straightedge, draw a line from the 


SC, condition T--571 5.071 4 value of 2.6 on the Pp scale to 0.020 in. on the diam- 


SC, condition T 660 | 3 eter scale. This line crosses the R’ scale at 0.009 
PM, condition T—61 | 5 32 


388 


ohms/in. 
95 Alloy, SC, conditio : . ’ 
~— raat 926 =| 35 Using a straightedge, draw a line from the point of 
ce SC, condition T—62 660 37 intersection on the R’ scale to the 50-ft point on the 
PM. condition T—4 | 4 926 ‘ length scale. This line crosses the R scale at 0.5 
PM, condition T—6 789 ‘ ohms, which is the answer. 
214 Alloy, SC 926 
A—214 Alloy, PM 5 225 
218 Alloy, DC 184 
220 Alloy, SC, conditio 
T—4 210 
319 Alloy, SC | 386 
PM 158 
355 Alloy, SC, condition 
T—$i 010 


SC, condition T 6 789 References: tab'es have been derived from the following sources: 
SC, condition T -61 | 660 


SC, condition T--7 105 Vetals Handbook, American Society for Metals, Cleveland, Ohio 
PM, condition T—6 421 


365 Alloy, SC, condition ; (1948). i rr 
r—si ; 010 5 : Mechanical Properties of Metals and Alloys, Circular C447, 
y noes = ; a. ; National Bureau of Standards, U.S. Govt. Printing Office (1943). 


PM, condition T— 6 205 Physics, 2nd Edition, Hausman and Slack, D. Van Nostrand, 
Red X--8, SC, PM New York (1939). 
as cast) 53) 


stress relieved) 5.95) 34 Vark’s Handbook, 4th Edition, McGraw-Hill Book Co., New York 
360 Alloy, DC 4. 660 (1941). 
380 Alloy, 4—9 Alloy, DC 386 Handbook of Engineering Fundamentals, 1st Edition, Eshbach, 
750 Alloy, PM 3.831 ; th ig Re : 
40 E Alloy, SC 926 35 John Wiley & Co., New York (1936). 
Nickel Alloy Steels, 2nd Edition, International Nickel Co. (1949). 
Steel Castings Handbook, 1st Edition, Steel Founders’ Society 
* Temperature coefficient of electrical resistance per deg C (a) 0.00429 of America (1941). 
at 20 C. (4) : A cetnnn Rasdeay “ "oad : 
b Temperature coefficient of electrical resistance per deg C (a) 0.0115 Metals Handbook, American So ay for Metals, Cleve land, Ohio 
from 10 to 30 C. (4) (1939). 
DC = die cast “Tron Manganese Alloys,” J. R. Long, T. R. Graham and A. H 
sc sand cast : va ; 
PM permanent mold Robertson, Trans. ASM, Vol. 40 (1948). 
International Critical Tables, Vol. VI. 
The Alloys of Iron and Carbon, Vol. 11, Properties, F. T. Sisco, 
McGraw-Hill Book Co., New York (1937). 
“Engineering Properties of Inconel,” International Nickel Co. 
Tech. Bulletin T-7. 
OFHC Copper, The American Metal Co., Ltd., New York (1946). 


ELECTRICAL MANUFACTURING 





/,microhm-in Length, ft (A ohms /in.) 
80 1000 4.07 


70 + g00 
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O° 
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3.0 


125 + 2.5 


fF 2.0 
1.00 
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High-Gain Magnetic Amplifier 
In Bridge Circuit 


For particular use at high temperatures 
(200 C). this magnetic amplifier is ar- 
ranged in a bridge pattern with two 
windings on each of two cores. It has 
very high gain (10°-10°) and has the 
added advantage of using only one recti- 
fier which may have a low piv rating be- 


cause it is at the center of the bridge. 


S. D. WARNER 

Senior Research Engineer 
CONVAIR 

Pomona, California 


AT TEMPERATURES AROUND 200 C, standard, high-gain 
magnetic amplifiers often lose a large percentage of 
their normal gain, or fail entirely. Such conditions 
result primarily from leakage in the rectifiers connected 
to the magnetic amplifier. For this reason, it is custom- 


Fig. 1—Basiec bridge amplifier schematic. Two alternate means 
of control are shown. 


ary to allow a large margin of safety in the peak inverse 
voltage (piv) rating of the rectifiers. By connecting the 
amplifier in a bridge circuit as shown in Fig. 1, it has 
been found that the required piv rating of the rectifier 
can be considerably reduced and that exceptionally high 
gains can be obtained. For instance, in a 500-watt, 115- 
volt, 60-cycle amplifier for control of an oven, only one 
rectifier, rated at 15 volts piv at 5 amp, was required. 
As will be seen in the following discussion, in such an 
amplifier, the rectifier piv is a first-order function of 
the unbalance in the magnetic amplifier bridge and a 
second-order function of the supply voltage. 

The alternate control shown in Fig. 1 can come from 
a current source or a variable resistance (such as a 
transistor). It can be used either alone or simultaneously 
with the regular control winding. 

The bridge amplifier is actually a fuil-wave, a-c ampli- 
fier. During the conduction stage, each core carries al- 
ternate half cycles of current and the rectifier conducts 
during both half cycles. Figure 2 shows how the bridge 
amplifier can be considered as two ordinary Ramey 
amplifiers in parallel. Reference to parts (b) and (c) 
of Fig. 2 will show how the bridge action of the ampli- 
fier reduces the voltage across the diode. In Fig. 2c a 
relatively high voltage will appear across the diodes: 
but in Fig. 2b only unbalance voltage in the bridge ap- 
pears across the single diode. The instantaneous voltage 
across the diode is always low no matter what are the 
conditions in the two cores. This is because the wind- 


Fig. 2—Four-step degeneration of a bridge amplifier into a pair 
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40 6 
Input power, per cent 


Fig. 3—Power or gain transfer-characteristic curve for bridge 
amplifier. Data compiled from four amplifiers. 


of the 
bridge and the windings of core No. 2 are on the other 


ings of core No. 1 are on two opposite “legs” 


two “legs”. 

The simple positive feedback action of the amplifier 
ean be seen by reference again to Fig. 2c. When core 
No. 1 is saturated, the voltage drop across coils 7,, and 
T,. is low. Since the coils of core No. 2 are in parallel, 
however, the voltage across them is also low. Thus very 
little reset current can flow in coils T.. and T., due to 
rectifier leakage since only a very low reverse voltage 
is available. Thus the only reset current applied to coil 
No. 2 is that in the control winding, which we assume 
to be low or zero. 

There is also a feedback created by the bridge con- 
nection of the amplifier. In Fig. 2b, the forward voltage 
drop across the rectifier provides negative feedback 
which is independent of load current. Further examin- 
ation of the schematic shows that the resistance of the 


coils and the attendant voltage drop introduces negative 
feedback proportional to load. Thus the total negative 
feedback varies with load and the gain or power trans- 
fer curve for the amplifier is not linear. 


WN 


of Ramey amplifiers. 
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In the previous paragraph, it was assumed that the 
bridge was perfectly balanced. If this is not true, the 
amount of feedback is reduced. Perfect balance is not 
only dependent on the turns ratios of the windings but 
on stray capacitance, the resistance of the wire, and the 
local field around each turn (that is, the total induct- 
ance of each leg). Often a bridge made perfectly sym- 
metrical as far as turns are concerned will still have a 
large unbalance. The winding of the coils should there- 
fore be done very carefully. 

Many of the characteristics of the bridge amplifier 
are controlled primarily by the percentage of bridge un- 
balance. A carefully balanced bridge amplifier, with the 
turns ratio unity and the cores accurately matched, 
exhibits a snap action. That is, there is no gradual tran- 
sition through a partially saturated core to a fully satu- 
rated core. The large positive feedback drives the core 
from the unsaturated condition to full saturation in a 
few cycles. 

Since gain is controlled by positive feedback, which 
is inversely proportional to bridge balance, the gain of 
the amplifier is primarily controlled by balance. All 
other factors, such as wire resistance, rectifier character- 
istics, core losses, etc., are of second order. Thus the 
gain remains relatively constant over wide temperature 
ranges. One disadvantage, however, is that the percent- 
age of bridge unbalance varies with load. Therefore, the 
transfer curve is not linear (Fig. 3). This transfer charac- 
teristic is the same no matter which of the control 
schemes shown in Fig. 1 is used. It is possible, in the 
bridge amplifier, to use core material with a low gain 
(that is, with a narrow, rectangular-loop, hysteresis 
curve) since the gain of the amplifier is dependent on 
bridge balance rather than core saturation. This means 
that a rugged, inexpensive material such as “Silectron” 
(Allegheny Ludlum), which is relatively insensitive to 
both mechanical shock and thermal variation, may be 
used. 

Design Calculations, The calculation of core size, 
wire size, and total turns for the load-carrying inductors 
for the bridge amplifier is practically identical to the 
calculation of the same parameters for a_parallel-con- 
nected saturable reactor. The major difference is, of 
course, that the winding on each core is divided into 
two separate windings. The symmetry, or lack of it, be- 
tween the two sets of coils determines the unbalance of 
the bridge. The control winding is wound in a manner 
similar to a saturable reactor. The only difference is that 
the bridge amplifier has higher gain, so smaller wire can 
be used since less control current is required. 

The amount of bridge unbalance can be easily ap- 
proximated, but the exact unbalance is very difficult to 
calculate. Fortunately, the approximation method is ade- 
quate. This method assumes first that all inductances 
are directly proportional to resistance, providing a simi- 
lar phase shift in each leg of the bridge. A second as- 
sumption is that it is possible to replace the total react- 
ance of each leg of the bridge with a resistance. Then, 
using standard Wheatstone bridge formulae, the output 
or unbalance voltage can be calculated. The ratio of 
output or unbalance voltage to the supply voltage is the 
“percentage of bridge unbalance” as referred to in this 
article. 

An approximate calculation of the total maximum 
gain that can be obtained in the bridge amplifier requires 
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Fig. 4—Approximation of the power or gain transfer curve of 
an unbalanced bridge amplifier compared to that for a Ramey 
amplifier. 
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three steps: first, calculate gain as if a standard full- 
wave Ramey circuit were being used: second, find per- 
centage of bridge unbalance; and third, multiply the 
standard Ramey gain by the inverse of the unbalance 
percentage. As an example, assume that, with a supply 
of 100 volts at 400 cps, a given pair of cores would re- 
quire 1000 turns on each core when used as parallel- 
connected saturable reactors. Then a control winding of 
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Fig. 5-Two means of obtaining temperature compensation: (a) 


with compensating resistor; (b) with thermistor. 
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1000 turns, wound over both cores, would give a power 
gain of approximately one. Further, assume that when 
these cores were used as a full-wave Ramey amplifier, 
they gave a gain of 50. Now, if the load windings were 
split, perfectly balanced, and reconnected as a bridge 
amplifier, the power gain would approach infinity. Only 
a very small signal would be required to cause the bridge 
amplifier to go from an unsaturated state to a saturated 
state. (Since there is some hysteresis, slightly more re- 
verse control current would be required to reverse the 
process. } 

Assuming that the percentage unbalance is directly 
proportional to turns ratio (this is not always true) 
we can now estimate the gain of the bridge amplifier. 
If only one coil out of the four is off, say, by one turn, 
the turns will be 500, 500, 500 and 501. This means 
that there is an unbalance of 1 (500 + 501), or ap- 
proximately 1/1000. The gain of each Ramey amplifier 
was 50, so the gain of the bridge amplifier will be ap- 
proximately 50 times 1000 or 50,000. 

Infinite gain can be closely approximated when the 
bridge amplifier is carefully balanced. This is usually 
not a desirable condition since the amplifier becomes 
unstable and is very difficult to operate over a useful 
portion of its characteristic curve. An intentional un- 
balance of very small magnitude will stabilize the ampli- 
fier and yet permit high gain. A total power gain of 
10° per stage is practical. Experimental, single-stage 
units with a gain of 10° have been built. However, when 
temperature stabilization is also required, the power 
gain should be limited to 10* or 10° per stage. 

It is possible to eliminate two opposite sides of the 
bridge completely and still obtain good gain. Under 
these circumstances, the amplifier has a gain and power 
transfer characteristic (Fig. 4) similar to, but slightly 
poorer than, a full-wave Ramey amplifier. 

Temperature Compensation. The major purpose 
of temperature compensation is to obtain essentially con- 
stant rectifier leakage over the entire desired tempera- 
ture range. Since rectifier leakage is a function of the 
inverse voltage, the circuit that requires the least inverse 
voltage will have the least leakage and will thus operate 
better at high temperatures. This is one chief advantage 
of the bridge amplifier since it develops only compara- 
tively low inverse voltages. 

There are two principal means of obtaining tempera- 
ture compensation. One is using resistive wire with a 
positive temperature coefficient and the other is using 
a thermistor with a negative coefficient. Figure 5 shows 
the circuits for both types of compensation. The posi- 
tive coefficient type of compensation is the best for this 
application since the temperature characteristic is the di- 
rect opposite of that of the offending rectifier. Ideal 
compensation occurs when the two characteristics exactly 
counteract each other. Figure 6 shows the relative gains 
(not temperature-compensated) of a half-wave Ramey 
amplifier and a bridge amplifier as functions of tempera- 
ture. The gain in each case is considered to be 100 
per cent at room temperature. 

Additional Circuits. One method of compensating 
for the effects of winding resistance is to add an ad- 
ditional center-tapped a-c voltage at the center of the 
bridge as shown in Fig. 7. This change has only a 
slight effect on most characteristics of the amplifier but 
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Joint Factors in Stacked 
Magnetic-Core Design 


A straightforward transformer E-I core 
analysis permits separating the effects of 
core material properties from effects due 
to core joints and the type of core as- 
sembly. This separation of core-material 
from core-joint factors in magnetic de- 
sign permits more precise performance 
prediction, higher efficiency and more 
economical use of materials than methods 
in which properties of the core materials 
are not clearly segregated from other 


aspects of a stacked magnetic structure. 


D. M. DOUGLAS 
ARMCO STEEL CORPORATION 
Middletown, Ohio 


FoR A STACKED TRANSFORMER CORE, exciting current is 
a most significant parameter in design and performance 
analysis but also one of the most unpredictable. Producers 
of electrical steels have not been able to determine, from 
data obtained with the type of tests that are normally 
performed, the real magnetic requirements for materials 
to be used for many applications. Two transformer cores 
can be made from materials having dissimilar magnetic 
properties and yet have apparently identical electrical 
characteristics because of some simple variation in form 
or lamination assembly. If several of these factors other 
than the core materials are simultaneously varied, it be- 
comes difficult to determine how much the differences 
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in core characteristics are due to any possible variation 
in the magnetic properties of the lamination material 
and how much to the other factors. 

The total exciting ampere-turns for a stacked trans- 
former core has two components—one for the core joints 
and the other for the core material itself. The unfavorable 
effect of joints on the magnetic characteristics of stacked 
cores has been found to be large and to be associated 
mainly with the mechanical properties of the laminations 
and the manner of core assembly. The important factors 
in joint-exciting ampere-turns are the method of stack- 
ing, lamination thickness and flatness, the presence of 
burrs, and the degree of orientation of the lamination 
material. Core-material exciting current, on the other 
hand, is closely coordinated with the basic magnetic 
quality of the lamination material as indicated by the 
conventional Epstein magnetic test of parallel-grain 
specimens given a stress-relieving anneal. 

An approach has been devised that permits the evalu- 
ation of core-joint and core-material ampere-turns sepa- 
rately. This “analysis method” should enable the user 
of magnetic laminations to determine under what condi- 
tions improved core-material characteristics may be used 
advantageously in order to justify the usual added cost 
of better materials, and when, on the other hand, superior 
materials will not improve performance appreciably be- 
cause it is evident that most of the excitation energy is 
attributable to core joints, mechanical factors and other 
non-material aspects. 

The Analysis Method. From an analysis of re- 
luctances of the various portions of the magnetic circuit 
of an E-I core, it becomes apparent that the relatively 
high-reluctance portion of the magnetic path comprised 
of the abutting edges of the E and the I and that portion 
of the adjoining E’s which bridge it at each corner of 
the core windows will probably constitute a rather fixed 
length of path, or be relatively independent of the core 
size for a given material and mode of stacking. On the 
other hand, the length of path in the core iron and the 
relative proportions of parallel and cross-grain material 
making up the iron path will be almost directly propor- 
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@ Flux passing perpendicularly out of plane of paper 
X Flux passing perpendiculorly into plane of paper 
D= Center- leg width in inches 


£=Geometric material path length 
+O Rolling direction 


Fig. 1—Top, front and side views of a transformer core stacked 
Ixl showing the idealized instantaneous magnetic flux dis- 
tribution at low and medium center-leg inductions. The lengths 
of air gaps and the lamination thickness are exaggerated. 


tional to the center-leg width (window-to-window di- 
mension) of the lamination. Therefore, if cores of several 
different center-leg widths can be made from material 
of identical magnetic quality and the reluctance of the 
joints can be maintained comparable in assembling the 
cores, the total exciting current of the cores can be ex- 
pected to differ only by the excitation requirements of 
the different lengths of iron path in the cores. 

Evaluations of the exciting-current requirement for 
the iron path resulting from tests on three different sizes 
of laminations have been compared with data obtained 
on Epstein magnetic-test specimens, all from the same 
sheet. These data have resulted in some valuable infor- 
mation as to the relationship between the magnetic 
properties of the material in the core to those of Epstein 
specimens as well as to the relative proportions of the 
apparent ampere-turn requirements for the joint regions 
compared to those for the iron path for various materials. 
These, together with analysis for several types of core 
stacking, Ixl, 2x2 and 3x3, also led to important con- 
clusions regarding the effect of various physical factors 
on core performance. 

The idealized instantaneous magnetic flux distribution 
in an E-I core for low and medium inductions (below 
10 kilogauss) is shown in Fig. 1 for the case where the 
laminations are stacked 1x]. This is a greatly simplified 
representation as it is immediately apparent that the 
magnetic flux is confronted by a path composed of a 
complex arrangement of magnetic inhomogeneities. 
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The magnetic flux path is nearly all in the rolling 
(parallel-grain) direction in the legs of the transformer 
(top and front views, Fig. 1) so that the flux should be 
fairly uniformly distributed throughout the cross section 
of the path lengths a-b. A reasonably uniform flux density 
is probably established throughout the length a-b only 
in the center leg because the magnetizing windings are 
concentrated on this leg. The condition of uniform 
lengthwise distribution of flux in the top leg is probably 
realized only in a small length of path midway between 
a and b because of the magnetic discontinuities encounter- 
ed by the flux, and the absence of windings to help force 
flux uniformly through this cross section. 

As the flux approaches the abutting edges of the E 
and the I at b (top view, Fig. 1), it is confronted by 
alternate paths: one comprised of the relatively high 
reluctance of the butt gaps in series with the less favor- 
able (cross-grain) direction of the I laminations in 
length c-d, the other across the interlaminar air gaps 
(perpendicular to the plane of the laminations) and, 
through the favorable (parallel-grain ) 


hence, more 


direction of the E laminations in length b-c, which is 
seen to bypass or bridge the butt joints. The flux has 


available a large area in passing perpendicularly to the 
plane of laminations, thereby lowering the flux density 
in the interlaminar gaps sufficiently to establish a much 
lower reluctance path than is available directly across 
the butt gaps. Thus, nearly all of the flux at low and 
medium center-leg (below 10. kilogauss) 
takes the bypass around the butt joints, thereby raising 
the induction of that portion of the adjoining E’s in 
length b-c to nearly twice the center-leg induction. At 
high inductions (above 10 kilogauss in the center leg). 


inductions 


the material in the bridge magnetically saturates in 
length b-c, thus establishing a high magnetomotive force 
drop there which forces a portion of the flux to cross 
the butt-joint air-gaps. However, even at high inductions, 
the instantaneous induction reaches a value greater than 
10 kilogauss for only a short period in the cycle so that 
for a considerable portion of the cycle no appreciable 
flux crosses the butt gaps and the flux distribution of 
Fig. 1 predominates. 

The magnetic flux encounters two paralleled reluc- 
tances in path-length d-e (side view, Fig. 1) consisting 
of the parallel-grain direction in the I laminations and 
laminations. The H, 
or ampere-turns per in., drop across d-e is constant re- 
the flux in 
going from d to e, analogous to a constant voltage drop 


the cross-grain direction in the E 
gardless of the direction of path taken by 


across paralleled resistances. Hence, the total flux divides 
in direct proportion to the permeabilities of the E and | 
paths at that particular H drop, the larger portion trans- 
ferring to the lower-reluctance path in the I’s in prefer- 
ence to the higher reluctance presented by the cross- 
grain path in the E’s. 

Since all of the flux in the bridge around the butt joints 
is confined to the E laminations (top view, Fig. 1). it 
is necessary for that larger portion of the total flux that 
will take the I lamination path in length d-e to pass per- 
pendicularly from the E’s to the I’s across the interlam- 
has available a larger area in this corner region, thereby 
inar gaps in the corner region c to d. However, the flux 
lowering the flux density sufficiently so that the ampere- 
turn requirements for the corner material are small in 
comparison with the total requirements for the core. 
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Total measured core ampere-turns, 
NI 7 


5/8 7/8 
Core center-leg width a, in 


(3.75"- £/)(5.25"- £4) (9.00"-.4) 
Geometric material path length, 4 minus 
total length of four butt -joint air-gaps, 4/ 

(2£/ is constant ) 


Fig. 2—Constant induction tests of three E-I lamination sizes 
£ 

punched from the same electrical steel sheet and stress-relieved 
in the same anneal. Laminations stacked 1x]. 


However, this interlaminar flux transfer still contributes 
substantially to the joint ampere-turns. 

This analysis method takes advantage of the experi- 
mental observation that when the total ampere-turns (as 
measured at the same induction for each of the lamination 
sizes stacked 1x1) is plotted against the center-leg width 
of the respective cores, a straight line results as shown in 
Fig. 2. 

Size of E-I core laminations is generally expressed as 
the width (window-to-window dimension) in inches of the 
center leg, D. All lamination dimensions may be ex- 
pressed as multiples of the center-leg width as shown in 
Fig. 1. The length of path for the magnetic flux in the 
core iron, or the geometric material path length, 1, is 
taken as that rectangle defined by the centers of the 
corners of the stacked core and enclosing the core 
window. 

That component of the total rms exciting ampere-turns 
directly attributable to the inherent magnetic quality of 
the lamination material shall be called the “core material 
ampere-turns per in.,” H,,. The second component, which 
is a function of the physical characteristics of the lamin- 
ations and the manner of assembly into a core, shall be 
called the “joint ampere-turns,” N/;. The total ampere- 
turns as measured for the core at a particular induction 
shall be termed N/J7,, NI p2 and NI,y, for 1x1, 2x2 and 
3x3 stacking, respectively. 





4-1/2" slit width for 1-1/2" E-I laminations 
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Fig. 3—Positions of test specimens in material strip. 
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In order to develop a logical mathematical basis for 
the analysis method, resort will be made to an abstraction. 
Instead of plotting N/J;, vs the center-leg width, D, NI 7, 
may be plotted against (/—1l;), where / is the length of 
path in the core iron or the “geometric material path 
length” and /; is the total length of the four butt-joint 
air-gaps in the magnetic circuit (one butt joint for each 
of four corners). The equation of the straight lines in 
Fig. 2 may then be expressed by 


NIn = a + 6(l — lj) ampere-turns (1) 


where b is the slope of the line and a is the y-axis inter- 
cept. 

It is reasonable to assume that /; will constitute a 
rather fixed length of path, or be relatively independent 
of the core size for a given material and mode of stack- 
ing. Thus, if the quantity (1 — 1;) is permitted to approach 
zero, the core stack height remaining unchanged, an E-I 
core of extremely small size will be obtained in which the 
geometric material path length equals the equivalent 
total length of four butt-gaps (1 — 1;), and a true zero 
will be obtained on the x-axis of Fig. 2. The only material 
effect of any consequence remaining in this small hypo- 
thetical core will be the very short length of path in the 
E’s taken by the flux in bypassing the butt-joints. All 
of the original interlaminar air-gaps and butt-gaps, how- 
ever, will be unchanged in total length. Regardless of 
the actual mechanism of the flux transfer across these 
gaps, it is fundamental that the ampere-turns expended 
in an air-gap are proportional to its length dimension 
only. The total ampere-turns for this hypothetical core, 
if it were physically possible to measure them directly, 
are a function primarily of all the air-gaps in the mag- 
netic circuit and constitute a rather fixed component 
of the total ampere-turns as measured for all practical 
core sizes of a given material and mode of stacking. 
Hence, the y-axis intercept, a, has been termed the “joint” 
ampere-turns for 1x1 stacking, N/;, and Eq (1) becomes 


NI 1 NI, + b( — 1) ampere-turns (2) 


Of course, the physical length of 1; is actually negligi- 
ble with respect to J, and in addition / is proportional to 
the center-leg width (Fig. 1) so that for all practical 
purposes Fig. 2 may be considered as a plot of N/J7, vs 
the center-leg width. Equation (2) may then be simplified 
to 

NIm = NI; + bl ampere-turns (3) 


If N/p, and l are associated with the properties of the 
larger lamination size and NI/';, and I’ are associated 
with a smaller lamination size, it is immediately appar- 
ent that the slope, b, in Fig. 2 is 


NI NI'1 
(-l 


ampere-turns per in. (4) 


There is experimental evidence that the slope, b, is 
closely related to the exciting ampere-turns per in. of 
parallel-grain Epstein specimens given a stress-relieving 
anneal. Hence, the basic magnetic quality of the core 
material, as expressed by Eq (4), may be written as 


NI7m, — NI'r 


H,, 
t-—l 


ampere-turns per in. (5) 
expressing core material quality. 

The total ampere-turns as measured for the core, the 
joint ampere-turns and the core material ampere-turns 
per inch are therefore related by 
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pared with paral'el-grain Epstein specimens obtained from the 


Vin VI, + UH, ampere-turns (6) 

The joint ampere-turn expressions for all three methods 
of stacking are obtained by rearrangement of Eq (6): 

NI Nir, — lH,, joint ampere-turns for Lx] stacking (7) 
Nin = Nin—-tH, " " "x2 (8B) 
NI; Ni; a ae ” exe (9) 

The joint ampere-turns as evaluated for a particular 
mode of stacking are valid for the range of lamination 
sizes used in the calculation of H,,. 

Two different sizes of laminations, all from the same 
sheet and stress-relieved in the same anneal, are stacked 
1x1 into test windings and tested for rms exciting ampere- 
turns over the desired range of inductions. The basic 
magnetic quality of the core material for each of the 
test inductions is determined from Eq (5), where NIJ 7, 
and / represent the total measured ampere-turns and 
geometric material path length in inches, respectively, 
for the larger core size and N/';, and lI’ represent the 
same quantities for the smaller core size. Thus the total 
ampere-turns attributable to the core material quality 
are determined by multiplying H,, by the geometric path 
length, /, of the particular core size of interest. 
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same strips and annealed at the same temperatures. Assumed 
density, 7.65 gm/cu cm; 60 cycles, 1x1 stacking. 


The joint ampere-turns for 1x], 2x2 and 3x3 stacking 
are determined from Eqs (7), (8) and (9) using H,, as 
previously evaluated in Eq (5) with the laminations 
stacked 1xl only. The joint ampere-turns as evaluated 
for a particular mode of stacking are valid for the range 
of lamination sizes used in the calculation of H,,. 


Experimental Program. One 10-ft length of each 
of the following materials was sheared lengthwise into 
two portions: Armco Oriented M-6X; Armco TRAN-COR 
A-6 in 29 and 26 gages; and Armco DI-MAX M-19, 
DI-MAX M-22, and DI-MAX M-27 in 29, 26 and 24 
gages. One portion (Fig. 3) was punched into 5% in., 
¥, in., and 1% in. E and I laminations in a commercial 
stamping plant. The remaining portions were sheared 
into parallel and cross-grain Epstein strips. All Epstein 
specimens and their corresponding laminations were 
heat-treated together in a separate stress-relieving anneal 
for each material. Precautions were taken to insure good 
flatness by stacking the laminations and Epstein strips 
between flat, heavy, low-carbon plates and the stacks 
flattened under pressure from encircling steel bands. 

Some 6,000 60-cycle tests for rms exciting current, 
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vore loss and permeability from inductance were per- 
formed on the Epstein specimens and the E and I lamin- 
ations stacked 1x], 2x2 and 3x3 for inductions of from 
100 to 17,000 gauss. To insure that the correct flux 
densities were established under the test windings, the 
lamination hole areas were considered when computing 
the cross-sectional areas of the center legs of the cores 
from their weights and densities. 

From comparisons of the core-material ampere-turns 
per in., H,,, with data obtained on parallel- and cross- 
grain Epstein magnetic-test specimens, it was evident 
that H,, was closely related to the parallel-grain Epstein 
ampere-turns per in. for transformer-core center-leg in- 
ductions of from 100 to approximately 10,000 gauss. 
Above this instantaneous center-leg induction, H,, is a 
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Fig. 5—E-I transformer-core total joint ampere-turns, low and 
high inductions. Ampere-turns for joints derived from tests 
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function of a combination of both the parallel- and cross- 
grain properties of the lamination material. 

Accordingly, the core-material ampere-turns per in. 
for the various lamination materials were compared with 
data obtained on parallel-grain Epstein specimens in the 
curves of Fig. 4. The joint ampere-turns for 1x], 2x2 and 
3x3 stacking are shown in the curves of Fig. 5. The am- 
pere-turns for the core material of the 5 in. and 11% in. 
cores, the joint ampere-turns for lx] and 3x3 stacking, 
and the joint ampere-turns expressed as a percentage 
of the total measured ampere-turns for the 5. in. core 
stacked 3x3 and the 11% in. core stacked 1x1 are given 
in Tables I, II and III, respectively, for center-leg in- 
ductions of 100, 6,000 and 15,000 gauss. 

It should be realized that although these test results 
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on %, Y% and 1% in. laminations stacked Ixl, 2x2 and 3x3, 
assumed density 7.65 gm/cu cm, 60 cycles. 
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Table I—Core-Material Ampere-Turns 


29-gage 
Oriented TRAN-COR 
M-6X A-6 


Induction, 
kilogauss 


54 in. E-I, 3.75.in. Hm 


100 
6,000 
15,000 29.3 


114 in. E-I, 9.00 in. H,, 


100 
6,000 
15,000 


IH m 


26-gage 29-gage 
TRAN-COR DI-MAX 
A-6 M-19 


26-gage 
DI-MAX 
M-19 


Table li—Joint Ampere-Turns for Three Core Sizes (5, % and 11 in.) 


29-gage 
Oriented TRAN-COR 
M-6X A-6 


Induction, 
kilogauss 


1x1 Stacking, NJ; 


100 0.0345 0.036 
6,000 1.15 2.10 
15,000 22.6 41.5 


3x3 Stacking, NJ 


26-gage 29-gage 
TRAN-COR DI-MAX 
A-6 M-19 


0.029 
1.60 
33:5 


100 0.080 0.062 
6,000 2.57 3.50 
15,000 24 6 48.0 


Table Ill—Per Cent of Total Measured Ampere-Turns in Joints 


29-gage 
Oriented TRAN-COR 
M-6X A-6 


Induction, 
kilogauss 


Largest joint effects, 5, in. E-I core stacked 3x3 


100 53 29 
6,000 60 
15,000 39 


Smallest joint effects, 114 in. E-I core stacked 1x1 


100 
6,000 
15,000 


are representative of the individual lots used in this 
experiment, the core-material ampere-turns per in. are 
not necessarily typical of the average values for these 
materials nor are the joint ampere-turns necessarily 
typical of the values to be expected from average punch- 
ing and assembly factors for these materials. 
Knowledge of the comparative effects of combinations 
of induction, lamination stacking and material 


quality on the total ampere-turns measured for stacked 


size, 
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26-gage 29-gege 
TRAN-COR DI-MAX 
A-6 M-19 


transformer cores should lead to more enlightened design 
work and more economical use of materials. For instance, 
in the situation where the unfavorable effect of joints 
was greatest (the smallest core, ° in., stacked 3x3), the 
joint ampere-turns at 6,000 gauss were observed (Table 
IIl) to vary from some 46 per cent of the total ampere- 
turns in the DI-MAX cores to 66 per cent in the Oriented 
M-6X core. On the other hand, where the joint effects 
were smallest (the largest core, 114 in., stacked 1x1), 
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the joint ampere-turns at 6,000 gauss were observed 
(Table III) to vary from only 18 per cent in the DI-MAX 
cores to 26 per cent in the Oriented M-6X core. Thus it 
can be seen that the joints can become a potent factor in 
limiting the effective utilization of high-quality materials 
in small core sizes. 

It is important to consider all of the factors involved 
in the performance in choosing the proper material for 
a particular stacked-core application. For instance, Armco 
TRAN-COR A-6 is a grade that is specially processed for 
high permeability at low inductions. It is seen in Table 
I that the quality of the material in the °-in. core of 
29-gage TRAN-COR A-6 was considerably better than 
that of the material in the °£-in. core of 29-gage DI-MAX 
M-19 at 100 gauss. On the other hand, Table II shows 
that for these particular lots of material, substantially 
higher ampere-turns were required for the joints of 
the TRAN-COR A-6 core than for the joints of the DI- 
MAX M-19 core. However, the excellent low-induction 
magnetic quality of Armco TRAN-COR A-6 more than 
compensated for the higher joint ampere-turns required 
by cores stacked from TRAN-COR A-6 laminations. As 
a result, the total ampere-turns as measured for the 
TRAN-COR A-6 core was about one-half the ampere- 
turns measured for the DI-MAX M-19 core at 100 gauss, 
whether stacked 1x] or 3x3 (Table IV). 

On the other hand, when these same two cores are 
operated at other levels of induction, the differences in 
joint effects may in some cases override the normal dif- 
ferences in magnetic quality of the lamination materials. 
It is seen in Table I that the quality of the material in 
the 54-in. core of this 29-gage TRAN-COR A-6 was 
somewhat better than that of the material in the 5-in. 
core of 29-gage DI-MAX M-19 at 6,000 gauss. However. 
the total ampere-turns as measured for this TRAN-COR 
A-6 core was somewhat higher than the total ampere- 
turns measured for the DI-MAX M-19 core at 6,000 


gauss, whether stacked 1x] or 3x3 (Table V). The DI- 
MAX grades are specially processed for good punching 
characteristics, which results in generally lower joint 
ampere-turn requirements for cores stacked from these 
materials. Yet, if more and different lots of each of these 
materials had been investigated, it is quite possible that 
the differences in their joint requirements might not have 
turned out this large. 

The hot-rolled material for this investigation was 
selected partially on the basis of tests on 50/50 Epstein 
magnetic-test specimens for several reasons: (1) it had 
been originally assumed that E-I core performance was 
sensitive to a combination of the parallel- and cross-grain 
properties throughout the complete range of inductions, 
and (2) non-oriented silicon steel is commercially graded 
on the basis of 50/50 Epstein core-loss tests. However, 
the E-I core actually performed at most inductions as if 
essentially all the magnetic flux were flowing in a path 
parallel to the rolling direction of the laminations. 

The magnetic qualities of the materials in the 5-in. 
cores made of 26-gage and 24-gage DI-MAX M-19 were 
observed to be comparable at 6,000 gauss (Table I). 
Although this similarity of results in two thicknesses of 
the same AISI grade was not predicted by the 50/50 
Epstein screening tests, it did present the opportunity 
for evaluating the effect of thickness on the joint ampere- 
turns on a comparable magnetic quality basis. The 
ampere-turns required for the joints of the 24-gage core 
at 6,000 gauss were observed to be 6 per cent higher 
than for the joints of the 26-gage core with 1x1 stacking 
and to be 17 per cent higher with 3x3 stacking (Table 
II). It is apparent then that the higher total ampere-turns 
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Table IV—Obscuring of Joint Effects by Magnetic Quality 


(% in. E-I laminations, 29-gage, B = 100 gauss) 


Stacked 1x1 


TRAN-COR 
A-6 


0.154 
0.036 


Core-material ampere-turns 
Joint ampere-turns 


Total measured ampere-turns 0.190 


DI-MAX 


Stacked 3x3 


TRAN-COR 
M-19 A-6 


DI-MAX 
M-19 


0.371 
0.0145 


0.154 
0.062 


0.371 
0.019 
0.3855 


0.216 0.390 


Table V—Obscuring of Magnetic Quality by Joint Effects 


¥% in. E-I laminations, 29-gage, B= 6000 gauss) 


Stacked 1x1 


TRAN-COR 
A-6 


Core-material ampere-turns 
Joint ampere-turns 


Total measured ampere-turns 


Stacked 3x3 


DI-MAX TRAN-COR 
M-19 A-6 


DI-MAX 
M-19 


2.89 2.33 2.89 
1.50 3.50 2.50 


4.39 5.83 


i 
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Introducing 
Digital Methods 


WILLIAM ARROTT 


Associate Editor 


THIS Is ONE suUBJECT that scarcely need be “intro- 
duced” to the readers of ELECTRICAL MANUFACTURING. 
The facing article is our 62nd on digital and logical 
techniques since the now-classic ‘“Tape-Controlled 
Machines” by L. R. Peaslee of GE in November 1953. 
Yet it is this very multiplicity of articles, docu- 
menting the rapid spread of the digital approach to 
all areas of our technology, that prompts us to take 
an overall look at the digital techniques (particularly 
at the underlying principles) which have evolved 
for one specific, but highly significant area—the 
measurement and control of physical processes. 
Many of these techniques have been borrowed 
from digital computing and data-processing tech- 
nology (which has also been in a state of explosive 
evolution). Others were developed to meet the par- 
ticular problems of seemingly unrelated fields such 
as numerical control of machine tools, space-vehicle- 
to-ground telemetry, chemical-process data logging, 
and nuclear instrumentation. As one field has bor- 
rowed or modified the digital techniques of another, 
the literature has overflowed with more and more 


sophisticated numerical approaches. Keeping up on 
the details of each new digital device or system is 
too much for any man. 

Just finding the common denominators of digital 
systems can generally be an arduous task. That’s 
the two-fold purpose of the accompanying article, as 
stated by the author: 


“ 


not only to give engineers already engaged 
in the field a basis of comparison of their own 
work with that of others but, more importantly, to 
serve as a springboard for newcomers . . .” 


The author has lived up to his own “specs” in as 
straightforward and easy-to-read a manner as we have 
seen anywhere—avoiding the esoteric and presenting 
the basic principles in a purposely non-rigorous 
manner to promote understanding. When he submitted 
the manuscript, Mr. Nothman apologized for its being 
“perhaps too elementary.” We think he deserves a 
medal for keeping the verbiage down so the basic 
ideas come through uncluttered. For those who want 
to pursue the finer points, he provides an excellent 
bibliography. 

As editors, we plan to use this article not only 
as a base for future articles on practical digital sys- 
tems and devices, but also (in conjunction with Ira 
Ritow’s series “Automatic Control System Design,” 
concluded in this issue) for presenting even more 
sophisticated control techniques, via this Basic Sci- 
ence and Engineering series, including sampled-data 
and self-optimizing systems. 

* * % 


Our author, Michael H. Nothman, brings to his 
writing the broad perspective of an engineer trained 
in several disciplines. After receiving a Bachelor's 
degree in mechanical engineering from Cornell, he 
spent two years on the Bell Labs communications 
development training program before joining Gilfil- 
lan Bros. in 1951 as a design engineer in the me- 
chanical design group, packaging electromechanical 
computer components and missile electronics. In 
1953 Mr. Nothman switched over to the electronic de- 
sign group, where he worked on the Corporal missile 
checkout set and is now project engineer responsible 
for computer logical design studies and programming. 
Concurrently he is doing graduate work on_ servo- 
mechanisms and computers at UCLA. The author 
has filed a number of patents; several, for hybrid ana- 
log-digital devices, were described in his earlier 
article “Combined Analog-Digital Control Systems,” 
published in the June 1958 issue of ELecTRICAL 
MANUFACTURING. 


. +» you can order your 


PERSONAL 
REPRINT COPY 


of this significant Basic Science & 
Engineering article—for file 
reference or further 
immediate study— 


- » » by using the handy Order Form on page 218. 
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Digital Methods in 


Measurement and Control 


MICHAEL H. NOTHMAN 
GILFILLAN Bros., INC. 
Los Angeles, 


California 


A N INTRINSIC FACET of modern technology has been 
the substitution of automatic techniques for func- 
tions formerly performed manually. One particular 
technique—the application of digital methods to prob- 
lems of measurement and control—has in the past five 
to ten years become highly developed. Much, however, 
remains to be done; indeed, it is presumptuous to con- 
tend that more than a start has been made. The purpose 
of this article is not only to give engineers already 
engaged in the field a basis of comparison of their 
own work with that of others but, more importantly, 
to serve as a springboard for newcomers—to acquaint 
them with the wealth of background material available 
upon which to build their own experiences. 

For the purposes of this discussion, the function of 
measurement is the determination of significant para- 
meters of any real physical variable such as: length, 
time, weight, flow-rate, numbers of items, and many 
other parameters. In the area of control, the concern 
is mainly with physical processes: for example, chem- 
ical process control, rolling mill programming, control 
of machine tools, of various positioning devices, and 
of other physical systems. While these definitions may 
seem to include an excessive variety of factors, it will 
become clear that the same, or similar, techniques 
apply to the digital measurement or digital control of 
many otherwise unrelated items. 


Characteristics of Digital Systems 


This article will not attempt an argument in favor of 
digital vs analog methods. Such controversies are academic 
at best. Nevertheless, it helps to know the advantages of 
digital systems when a choice is required. The following 
two lists present the potential characteristics of a digital, 
or numerical, approach. Many of these characteristics are 


self-evident; others may not be commonly recognized as 
inherent in a digital system. 


Characteristics of Digital Measurement: 


1. Accuracy of measurement depends primarily on the 
conversion device which may be required in the 
measurement of an analog quantity. Except for gross 
errors, accuracy is not affected by subsequent trans- 
mission characteristics or read-out devices. 

. Resolution (or fineness) is limited only by the num- 
ber of discrete increments in the language adopted. 
While there are sound practical reasons to limit the 
number of increments, in theory there is no limit to 
the resolution which may be achieved. 

. Subject to the availability of suitable conversion de- 
vices, various measurements are available in a com- 
mon language. If different variables must be manipu- 
lated with respect to each other, a common arithmetic 
may be used. 

. If measurement data must be transmitted over some 
distance: 

a. Transmission accuracy is maintained despite noise 
and other interference as long as the gross changes 
in signal level inherent in digital codes can be 
distinguished. 

. Available bandwidth of a given transmission me- 
dium is utilized more efficiently if the information 
is “quantized” (to be defined). 

>. By appropriate coding (discussed below) trans- 
mission errors can be detected if condition 4a 
above is not satisfied. 

. If the transmission distances make signal enhance- 
ment necessary, there is no need for high linearity 
or drift-stability in the intervening amplifiers. 

. If the measurements are to be used by a digital com- 
puter or data-processor, not only are the results in 
the proper language, but also any storage or “buffer- 
ing” required is far simpler and cheaper if the in- 
formation is in digital form. 


(Copyright 1959 by C-M Technical Publications Corporation) 
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6. Possibility of human errors in reading an indicator 
is considerably reduced if discrete (digital) values 
are presented by the read-out device. 


Characteristics of Digital Control: 


For control, the advantages inherent in digital techniques 
are of two types—those of the controlling function and 
those of the controlled element. (The intervening trans- 
mission path, if any, is characterized by Par. 4 above.) 


1. Control orders issued by a digital controlling agency 
(which may be automatic or manual) may have any 
resolution desired, subject only to the number of in- 
crements available in the digital code. There is no 
limit to the precision with which an order may be 
formulated. 

. In practice, however, a digital computer or data- 
processor is required to formulate control orders 
where high precision is required. Digital control ele- 
ments then have the advantage of easily accepting 
the outputs of such a device, frequently with no lan- 
guage or code conversion required. 

. Where control orders are stored, rather than con- 
tinuously generated by a computer, the ease of stor- 
ing digital information again is advantageous. 

. Generation and repetition of control orders with an 
identical absolute and relative accuracy is possible, 
independent of drift and noise, or gain in the gen- 
erating elements. 


For the controlled element at the other end of the con- 
trol path, additional considerations apply: 


5. A given amount of control power can be utilized 
more efficiently in a coarse-fine system of actuation. 
bis can be carried to a much higher degree of so- 
phistication in a digital system. 

. The following-accuracy with which a properly de- 
signed digital control element responds to a com- 
mand is the same for all digits in the code. The accu- 
racy is therefore the same for all control orders, from 
the least significant increment to the largest possible 


Coding, Sampling 


Codes and Languages 


Fundamental to any digital system is the form in which 
information is handled. The term “digital” implies that 
each item of information is represented by one digit or a 
group of digits. Obviously, there are many ways of relat- 
ing digit arrangement to information content; the problem 
of finding the most efficient arrangement, or code, for a 
particular application is a primary one. 

The “language” of electrical or mechanical devices gen- 
erally differs from that of ordinary arithmetic. The arith- 
metic system is based on the decimal form of number nota- 
tion, in which the value of each digit position in a number 
or “word” may take on one of 10 values. (/)* These values 
depend not only on the numeral itself, but also on its posi- 
tion. Thus, the numeral 6 appearing in the fourth position 
(counting from the least to the most significant position) 
of a decimal word represents the value of 6 * 10°, while 
the same numeral appearing in the seventh position repre- 
sents the value 6 106. There is thus a positional as well 
as a numerical significance to every digit in a decimal 
number. 

A logical general description of the decimal number sys- 
tem states, in effect, that the information represented by a 
decimal word, or number, corresponds to the sum of all 


* Italic numerals in parentheses refer to Cited References at end of text 
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order. Furthermore, the control element’s response 
will be identical for a change in the least significant 
code digit whether this digit is part of a much larger 
number or not. 


While most of these advantages were recognized many 
years ago, only relatively recently was the “hardware” de- 
veloped to make digital techniques economically feasible. 
Furthermore, the detail design of the circuits and the hard- 
ware had to be developed before digital components be- 
came practical. Before the advent of large-scale electronic 
digital computers in the 1950’s, much of the impetus for 
digital, or numerical, control of machine tools and proc- 
esses was lacking. Most of the digital techniques involved 
in measurement, computation and control crystallized dur- 
ing the same time period and, as a matter of fact, are still 
being developed. 

The development of efficient data storage devices, mag- 
netic tape, drums and magnetic cores benefited not only the 
computer industry but also the control industry, since it 
made the storage of large control programs feasible. With 
these relatively rapid-access devices, then, it was possible 
to assemble control systems whose speed would be limited 
only by the response of the controlled process, and not by 
the availability of the data. 

In the field of measurement, on the other hand, it was 
the introduction of solid-state devices which made small, 
compact and reliable digital measurements feasible for the 
first time, just as it permitted the design of computers 
which do not occupy entire buildings nor dissipate exor- 
bitant amounts of electrical power. Solid-state devices made 
it possible to design measuring and monitoring packages 
which would fit into airborne vehicles, and provide data- 
telemetering by digitally coded transmissions. The prac- 
ticality of such devices naturally provided a strong stimu- 
lus for their creation, and we thus see a continuing 
evolution of smaller, better, more reliable, and cheaper 
digital-measurement hardware. 

In this field, as in any other, there is much esoterica. 
Only the more practical and fundamental aspects will be 
piesenied, in the hope that this will more clearly demon- 
strate the basic simplicity and logic of the digital approach. 


and Quantizing 


the digits after each has been multiplied by 10 to a power 
one less than the digit’s position in the number. In this case 
the number 10 is the base or radix of this number system. 
The radix concept is significant for two reasons: 


1. In any number system in which both the digit value 
and its position contribute to the overall information 
represented, the number of different symbols or 
values which each digit may assume is equal to the 
radix. 

. The information represented by each digit is deter- 
mined by multiplying the digit by the radix raised 
to a power determined by the digit’s position within 
the number. 


Thus the decimal number 2,586,473 represents 
2x108§ + 510° + 8X104 + 6108 + 4x10? + 7«10' + 310° 


Practically any other number system can be similarly 
represented, provided the two above considerations are ob- 
served. Thus, with a radix of 8 instead of 10, the number 
2,586,473 cannot be used, because the fifth digit (8) vio- 
lates the rule that limits the number of symbols, or values, 
which each digit may assume to the radix, or eight in this 
case. It would take nine different values (including zero) 
to make a digit of 8 permissible (01234567-8). The num- 
ber 2,506,473, however, is allowed in a base-8 system, and 
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represents 
2X8° + 5X8 + 0X84 + 6X83 +,.4X8? + 7X8! + 3X8! 


or 691,515 in the more familiar decimal number system. 
The general form of number representation is then: 


N =d,XR*° + da,1.XR +...+¢dXR'! + doXR 


where N is the number or information represented, d are 
the digits which may take any one of R values, R is the 
radix, and n is the number of digit positions in the word 
or number. 

The number of positions required to express a certain 
value will be dependent on the radix of the number system. 
Thus a small radix will permit only an equally small num- 
ber of possible values in any one position of the word, and 
more positions will be required than with a number system 
of larger radix. 

This is particularly significant for the “binary” number 
system—commonly used in digital devices—in which the 
radix is 2. The number of digit positions required to ex- 
press any given value in binary notation will far exceed 
the corresponding decimal number. For example, to write 
a decimal number like (852),,, in binary form requires 
ten binary digits. In general, the largest number P that can 
be expressed in any radix, R, is 

Pace = Rr—] 
where n is the number of digit positions. 

In the binary system, P = 2" — 1, and n must be large 
enough to allow P to equal or exceed the value to be ex- 
pressed. A few values of P are tabulated below with the 
corresponding values of n. 

P13 7 1 $1 68 127 255 Sil 1023 
mn bhe BS ek 6 7 8 9 10 

Thus, for (852),,,., ten binary digits are required since 
the value exceeds 511 and is less than 1023. Fractions can 
also be expressed in binary notation, but these are seldom 
of significance in control and measurement devices. 

While binary notation may seem awkward in terms of 
word lengths, it actually has many benefits in arithmetic 
operations. It lends itself particularly well to computers, 
which must operate extremely fast. Even in measuring 
and conversion applications, however, simple additions and 
subtractions must frequently be accomplished. This is easily 
done in the binary language as the rules for “carrying” and 
“borrowing” are so easy to obey. Since any digit can as- 
sume only one of two values, 0 or 1, only the following 
tables need to be remembered: 


A+B=C A-B=C 


0 0 0 0 0 0 
0 ] l ] 0 l 
1 0 ] 0 l 1 
] ] 0 carry 1 1 1 0 


borrow | 


In each case, if both inputs to the arithmetic operation 
are alike (both 0 or both 1) then the answer is 0 in that 
position, while if they are dissimilar, the answer is 1. The 
carry criterion is also very simple to remember, while the 
borrowing rule is oaly sizghtivy ‘ore ci sicaced. Because 
these very elementary rules can also be extended to multi- 
plication and division, all high-speed computers work in 
the binary language. 

Whe-e people get into the act, however, it is often nec- 
essary to convert to decimal notation so the significance 
of a number can be more easily recognized. There are sev- 
eral different binary-coded-decimal (BCD) codes in which 
two-valued digits are used to express numbers in decimal 
form. (?) The nositio a! 1e no lonver 
related to the radix 2 in the manner described previously. 
Instead, other values are assigned to each position with 
translation dependent on a knowledge of these assignments. 
Each decimal d loes, how , four binary 
digits to express its value. Instead of the most common 
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Conducting 
segments 


SSS 


Position shown 
D2 D3 D4 


0 | O=2 


Fig. 1—Lippel code generation. 


Motion 


2348586789 


D2 Position shown 
D3 DI D2 D3 D4 
D4 | Oo 


D5c 


8901 


Fig. 2—Five-digit unambiguous code. 


Most significant two digits 
9 9 Generation of 


Gray - code 
sequence 


0000 
000 | 
OO! | 
0010 
O110 
Olll 
O10! 


Least 
significant 


i 
' 


1000 


GH----ONSWwWMwH-—O 


Generation of 
arbitrary unit- 
distance decimal 
code 


0100 
1100 
1101 
1001 
iol 
1010 
1110 

oO1l1o 

Olt 

O10! 


Least 
significant 
two 
digits 


OOBNONSWN-O 


Fig. 3—Karnaugh maps for generating unit-distance codes. 


1-2-4-8 assignments, values may be arbitrarily defined as 
1-2-3-7, or 1-2-2-5, or any other comoination which per- 
mits every digit from 0 to 9 to be formed by a summation 
of the four digits in various combinations. Thus, for ex- 
ample, a 1-2-3-4 code assignment can be made as follows: 


D1 D2 D3 D4 Decimal value 


(4) (3) (2) (1) 
0 0 0 
0 0 
0 0 
0 l 

0 

0 

0 

l 

1 

l 


-~ 
= 


CoOnauveronre 


It is also possible to dispense with value assignments 
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altogether in selecting a binary-digit code to express deci- 
mal numbers. These variable-weight codes (as opposed to 
the fixed-weight codes above) can be of particular advan- 
tage in measuring physical displacement. In these situations 
(as will be discussed in more detail under “Measurement” ) 
it is necessary to position several reading devices, such as 
brushes or photo-cells, very accurately with respect to each 
other, and still maintain electrical or optical isolation. By 
using variable-weight codes, this problem can be simplified. 
One of these so-called Lippel codes is shown below: (3) 


Lippel ( * de 
D1 D2 D3 Dj 


0 0 
0 0 
0 0 
0 0 
0 


Decimal 


Inve who 


8 
0 1 9 

Because the sequential values of digit positions D/, D2 
and D3 are similar, in an analog-to-digital encoder the same 
reading segment can be used for all three with one addi- 
tional series of segments for D4, as shown in Fig. 1. This 
is a considerable simplification over the more conventional 
segment patterns used in displacement encoders. 

A still simpler arrangement, with the additional virtue 
of eliminating the ambiguity of many other encoders, is 
a code described by Libaw and Craig. This code, unfor- 
tunately, requires five, rather than the more conventional 
four, binary digits for each decimal digit: 


Libaw and Craig Code 
D1 D2 D3 Dj D5 


0 0 
0 0 
0 0 
0 0 
0 


Decimal 


l 
2 
3 
1 
5 
6 


& 
0 9 


The segment and brush arrangement of such an encoder 
is shown in Fig. 2. 

Ambiguity in readout is to be avoided. Simply stated, 
it arises from the fact that if, in going from one number 
to another, more than one brush makes or loses contact 
with a segment, and if the brushes and segments are not 
absolutely perfectly aligned with respect to each other, 
then an ambiguous value will exist during the transition 
period when one of the brushes has changed over while 
the other one has not. By using a so-called unit-distance 
code, a code so arranged that only one digit changes in 
going from one number to either adjacent number, am- 
biguity can be avoided. Since only one digit changes during 
the transition, it is impossible to have an ambiguity be- 
tween successive values. Such a unit-distance code (also 


iO «15 


20 25 30 35 40 45 50 


Frequency, cps 
Fig. 4—Power spectrum for scanning-radar noise. 
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called a reflected code) is the Gray code, named for its in- 
ventor, which is widely used in position encoders: 


Gray Code 
D2 D3 D4 


0 0 0 
0 I 
1 

0 

0 

1 

l 

0 

0 

l 

I 

0 

0 

1 

1 

0 


This code has the additional characteristic that, while 
there is no simple fixed assignment of values to each digit 
position, it is nevertheless possible to translate quite easily 
into more familiar numbers. In particular, a general col- 
umn position D(j) is “worth” 


Decimal 


rs 
(where i is the particular column count from the right 
beginning with 0) if the 1 is odd-numbered stepping from 
left to right. The sign of the summation is negative for an 
even-numbered 1. As an example, the Gray-code number 
1011011 represents 


6 + 3 1 ( 
Vi2ar— Vag Vor Viavg V2: 


0 0 0 


Expanding and cancelling opposite terms, we obtain 
26 4+ 25 + 23 + 2? + 2 = 109 

This well-defined valuation of Gray-code digits leads to 
a very simple, easily instrumented rule for conversion from 
Gray to straight binary codes: each digit in a Gray code is 
complemented (inverted) as many times as there are ones 
to the left of it, starting from the left. (2) Thus the binary 
equivalent of the Gray-code word 1011011 is 1101101. 
By assigning the fixed values of the straight binary code, 
it is then possible to check the previous results: * 

1101101 = 2° + 25 + 23 + 2? + 2° = 109 


The generation of unit-distance codes for any number 
of digits can be simplified by use of a Karnaugh map, 
shown in Fig. 3. Here a transition from any intersection 
to any adjacent intersection represents a change in only one 
digit, and thus satisfies the requirements of a reflected 
code. It is then necessary to trace a path through as many 
intersections as there are to be words in the language, 
without recrossing any intersection, and without using a 
* The reader can develop a “‘feel’’ for converting from Gray code to straight 


binary to decimal numbers (and vice versa) by verifying the equivalence of 
the vertical rows on this month’s cover 


4 > 6 
Frequency, cps 


Fig..5—Power spectrum for folded (simulated sampled) radar 
noise sampled at 16 cps. 


ELECTRICAL MANUFACTURING 





diagonal. If such a path can be found and made to close 
on itself (in the case of a cyclic code), then the sequence 
of intersections represents the proper sequence of code 
words to be used. 


The Sampling Theorem* 


In measuring a real, continuous, physical quantity with 
a device which can express the measurement only in 
digital form, there is obviously a problem of conversion— 
actually, two problems. 

e The measured quantity can take on any one of an 
infinite number of values within the physical limitations 
imposed. The measuring device, on the other hand, is 
limited to expressing the value in terms of one of a finite 
number of discrete values. Although this number may be 
very large, an approximation is nevertheless involved when 
a continuous quantity must be “quantized” into a discrete 
number system. (This problem is discussed below under 
“Quantization.” ) 

e If the measured continuous quantity is varying with 
time, the numerical measurement must also change. Most 
conversion devices, however, require a finite time interval 
to change from one number to another. Thus, some time- 
period must elapse between measurements. An even more 
drastic time interval appears if, as is frequently the case, 
one digital device is used to measure several real variables. 
Here, there is a time period between each measurement 
of successive variables, and a larger interval between suc- 
cessive measurements of any one variable. The question 
then arises: “How long a time period may elapse between 
successive measurements of a continuous variable before 
some of the information is lost?” Or: “How short must 
the sampling interval be to insure that the variable does 
not vary without the observer’s knowledge?” This is the 
problem considered by the sampling theorem. 

We can get an intuitive understanding of the sampling 
theorem by considering first a continuous periodic func- 
tion which is to be sampled. By Fourier analysis tech- 
niques, any such function may be decomposed into one 
or more sinusoids of various frequencies and phase 
angles. The process of sampling, then, consists of look- 
ing at this continuous function at equally spaced time 
intervals in order to extract all the information contained 
in the function. From the samples alone it must therefore 
be possible to reconstruct the original function; otherwise, 
some information would have been lost. The gist of the 
sampling theorem in this situation is that “if the time in- 
terval between samples is T, then any components of the 
sampled function whose sinusoidal frequencies are higher 
than %/T radians per sec will not be distinguishable from 
others whose frequencies are lower than x/T, and thus the 
original (sampled) function cannot be reconstructed.” A 
corollary statement is that “with no frequency components 
higher than x/T in the sampled function, then sampling 
at the rate 1/T will not introduce any sampling errors.” 

These word statements derive directly from simple trig- 


* The material in this section and the following section on quantization is 
based almost exclusively on the corresponding discussion in A. K. Susskind’s 
Notes on Analog-Digital Conversion Techniques (see appended bibliography). 


Density 
distribution 





t— 


Fig. 6—‘Reasonably well behaved” arbitrary function x(t) and 
its density distribution. 
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onometric relationships, and can be proven as follows: 
We should prove that cos [(7/T + e) t + ¢] = cos 
[(~/T — e)t — 6] whenever ¢ is equal to a sampling instant, 
since this is the only time at which we are permitted to 
look at either function. If, at these instants, we cannot 
distinguish between the two expressions, we have obviously 
lost the information which provides the distinction be- 
tween the two different functions. The necessary proof 
is provided by the following series of steps which de- 
pends only on proving that cos x cos (—x) and that 
the cosine has a period equal to 27. 


cos|(r/T +e)kT +¢] =cos|(kx +ekT +9] =cos( —kx —ekT —¢) 
=cos(2kr —kx —ekT —o) =cos(kx —ekT —¢) 
=cos|(x/T —e)kT —4)] Q. E. D. 

This reasoning shows how the sampling process effec- 
tively folds the frequency spectrum around the sampling 
frequency ~/7T. Sampling thus superposes the sample com- 
ponents of higher frequency onto the components whose 
frequencies are less than w/T so that an unintelligible 
jumble results. 

This argument can be extended to the sampling of non- 
periodic functions. A continuous periodic function has a 
frequency spectrum containing only discrete values of fre- 
quency, while the Fourier transformation of a non- 
periodic function will result in a continuous frequency 
spectrum. The folding effect of sampling, however, is not 
affected by this difference in spectrum appearance, and 
the sampling theorem applies to the aperiodic case as well. 
The following is thus a concise description of the sam- 
pling theorem: 


“If Fw) 0 for |w| > x/T, then f(t) may be com- 
pletely recovered from f*(t) where f*(t) is £(t) sampled 
at the rate 1/T.” 


Implied but not explicitly expressed by this statement 
is that, if F(w) is not equal to 0 above the frequency «/T, 
then not even those components of f(t) below x/T can 
be recovered. Thus the proposition sometimes heard— 
“It is necessary to sample at a rate equal to, or higher, 
than twice the highest frequency of interest in the partic- 
ular application’—is untrue. To prevent loss of informa- 
tion in the “frequencies of interest” it is necessary not 
only to sample at the stated rate, but also to see to it that 
no frequencies above this range are present in the sampled 
signal. This limitation cannot be left to the sampler. If 
there are higher frequencies, a low-pass filter must be 
used to eliminate these components prior to sampling. To 
the extent that the filtering is imperfect, the recovery of 
f(t) from f*(t) will also be imperfect. 


Example. Consider the case of a scanner in the nose of 
a seeker-type missile whose output is to provide signals for 
the digital computer of the missile’s guidance system. One 
of the data inputs to the computer program is the noise 
power spectrum from the scanning antenna, taken during 
actual operation. This spectrum is, of course, a continuous 
function in the frequency domain, and it is necessary to 
sample the noise-power function at a rate which will make 
the data acceptable to the computer. The spectrum as 


Density 
distribution 


Fig. 7— 
values, 


Sin wt and its density distribution, showing “javorite”™ 
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shown in Fig. 4 has a large contribution at the scanning 
frequency of 40 cps. o 

Now, suppose the aerodynamic characteristics of the 
missile and its control surface actuators make frequency 
components above 6 cps insignificant as far as the response 
of the guidance system is concerned. Let us assume that 
the radar output is to be sampled by photographing the 
detected signal as displayed on a cathode-ray tube. The 
problem, then, is to determine how fast the camera must 
run in order to present the computer with significant sam- 
ples of the return signal. Since a fairly normal speed is 16 
frames per sec, and since this is an adequate sampling 
rate for signal frequencies up to 8 cps, it might seem more 
than adequate for a 6-cps system. Yet, the actual spectrum 
of the signal sampled at this rate, as shown in Fig. 5, bears 
little resemblance to the original spectrum in the region 
from 0 to 8 cps. The reason for this, of course, is the 
“folding” effect which sampling has on the frequency dis- 
tribution, or spectrum, of signals whose frequencies ex- 
ceed «/T rad per sec. 

Since the spectrum of the sampled signal actually ex- 
tends to 50 cps, one solution would be to sample at a rate 
equal to or greater than twice 50 cps. A much simpler solu- 
tion is merely to filter the return signal so that no fre- 
quencies higher than z/T rad/sec, or 8 cps, are present in 
the signal prior to sampling. 

The extent to which an inadequate sampling rate intro- 
duces errors is a function of how much of the power spec- 
trum is located above the a/T frequency, and also on how 
far it extends beyond this frequency. If relatively few com- 
ponents in this region are present, the error introduced 
may not be significant. However, the complete spectrum of 
the original signal must be known before an intelligent 
estimate can be made of how low the sampling rate may 
be without affecting the more meaningful low frequencies. 
In summary, sampling will not eliminate the higher fre- 
quency components if they should be present. It will mere- 
ly fold them over onto the lower part of the frequency 
spectrum. and the result will usually be unintelligible. The 
folding occurs about a “hinge” located at a frequency equal 
to one-half the sampling rate. The sampling theorem may 
be violated to the extent that erroneous signals near this 
hinge frequency have no effect on the system following the 
sampler. 


Quantization 


While sampling is usually involved in a digital measur- 
ing function, it is certainly possible to conceive of methods 
by which such measurements could be made without a 
sampler. In certain real-time applications, where measure- 
ments are made of physical quantities and where time- 
sharing, or multiplexing, is not required, sampling may not 
be a consideration. Quantization, however, is almost by 
definition a part of every digital measurement, because the 
continuous range of values which a physical quantity may 
assume must be approximated by the limited number of 
discrete values available in any digital language. 

Unfortunately, the quantizing process is very difficult 
to analyze mathematically because it is so highly non- 
linear. It has been the practice, instead, to evaluate the 
process of quantization in relation to the effect it has on 
the statistical properties of a signal. Thus it is possible, 
for example, to give a “rule-of-thumb” which will ensure 
that quantization performed according to these rules will 
not introduce more than a certain amount of error in the 
Statistical properties of the quantized signal. 

The statistical properties considered in the theory of 
quantization are the various moments of the quantized sig- 
nal. These moments are the mean values of the signal, 
raised to various positive integer powers. Thus the “first 
moment” is the mean value of the signal itself, the “second 
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moment” is the mean of the squared signal valued, and so 
on. The term “moment” derives from the similarity of the 
mathematical expression for the mean of a function to that 
of the physical moment about the origin of a mechanical 
system. The mean value of a signal raised to the nth power 
is then its nth moment. As a group, all of these moments 
are known as first-order statistics of the signal. These first- 
order statistics are derived from the probability density 
distribution of the signal. This distribution is an indication 
of how many of the total number of values assumed by 
the signal fall at any one given value. If the distribution 
function is plotted and normalized so that the area under 
the resulting curve equals unity, then each point on this 
curve represents the percentage probability that the signal 
will assume this value. A typical function, x(t), and its 
density distribution are shown in Fig. 6. 

If the density distribution of a sivnal is reasonably well- 
behaved, then the following suggested quantizing rules will 
result in a quantized signal whose statistical moments are 
a good approximation of those of the original signal. Note 
that nothing is said about the relationship between the 
actual quantizer output, x/(t), and the original signal, x(t). 
The rule-of-thumb is as follows: 


If the quantizing width q is chosen so that the range 
of x(t) is at least 8q, then the first few moments of 
the quantized signal x'(t) may be taken as the moments 
of x(t), providing Sheppard’s corrections are used.* 


The stated rule, with Sheppard’s corrections, applies only 
if the density distribution function is reasonably well- 
behaved. If so, then the rather remarkable contention of 
the rule-of-thumb is that eight discrete quantizing levels, 
or three binary bits (2°), are sufficient to quantize a func- 
tion without materially altering its statistical properties. 
The case of Gaussian, or normal, distribution serves to il- 
lustrate this fact. The expression for a normal distribu- 


tion is: 
l -r?/2¢? 
u(r) = e 
oV/2r 


If the quantizing width, qg, is made equal to the standard 
deviation, o, then: 


e Error in mean square = 10-® per cent of the mean square 
of x(t). 


e Error in mean fourth = 310-5 per cent of the mean fourth 
of x(t). 


These errors are obviously quite small. Further, while 
most physical systems which follow a normal distribution 
seldom have a dynamic range in excess of +30, the rule- 
of-thumb provides for eight, rather than six, quantization 
levels. 

The rule-of-thumb above required that the distribution 
function of the signal to be quantized be “reasonably well- 
behaved.” As in Fig. 6, it should be smooth with no sharp 
or pronounced peaks. If such a peak occurs (known as a 
favorite value of the function) the rule-of-thumb does not 
apply. As an example of the distinction between what is 
normally considered to be a smooth, well-behaved function 
and its characteristics with reference to quantization. con- 
sider the function sin of. Its density distribution in Fig. 7 
shows two peaks of infinite magnitude at + 1. These are 
then favorite values for sin wf. Whenever a function has 
zero derivatives at the same value (or values) of x, then 

*The so-called Sheppard's corrections found in most ™a‘hematical hand- 
books are derived from the difference between the mo~erts cf ¥/f) and the 
moments of x’(1), each of which can be preciselv derived. It would therefore 
be possible, in theory, to compensate exactly for errors which are introduced 
by the quantization process if the density distribution function is known 


exactly, The correction terms apply only to moments higher than the first, 
and involve both q and lower moments. For example 

m = Mi 

me: — Me—q?/12 

m, — M,—M,72/4 

ms = My—Moq?/24-7q4/240 
where m; is the ith moment of the original function, x(t), and M, is the 
corresponding moment of the quantized function x’(t). 
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these are favorite values, and a peak will appear in the 
distribution function. Most physical functions fortunately 
have maxima or minima at randomly placed values, so 
that in the majority of situations this limitation on the rule- 
of-thumb does not apply. 

If Sheppard’s corrections are neglected, the error in- 
curred will appear as though a source of uniformly dis- 
tributed noise had been added to the system at the quanti- 
zation point. The magnitude of this noise is equal to the 
value of the corrections not made. Thus the noise-error 
in the mean-square value of the quantizer’s output would 
be q?/12, etc. 

Functions which do not have statistically predictable 


characteristics must be quantized to the highest available 
precision without taking advantage of the simpler language 
promised by the rule-of-thumb. 

Errors in applying the quantization rule are not very 
significant (much less so than similar errors in the use of 
the sampling theorem) because statistical properties of a 
function are determined (by analogy to the sampling case) 
by characteristics near the low-frequency end of the spec- 
trum. Thus, the folding (still in an analogous sense) of 
higher-frequency components has to reach all the way to 
the “origin” before the statistical characteristics of the 
quantized signal will differ markedly from those of the 
original signal. 


Digital Components and Techniques 


In discussing digital codes early in the preceding section, 
the two-valued digits were stressed because physically 
realizable circuits for digital components are easier to build 
and more reliable if they need assume only one of two 
states. This is in contrast to analog components which 
operate over a continuous (and, hopefully, linear) range 
of values. For language efficiency (i.e., transmission chan- 
nel capacity vs information actually transmitted) two-digit 
states are not necessarily the most desirable. It is, however, 
relatively easy to make an electronic circuit recognize the 
difference between two distinct states; recognizing one out 
of three or more is not easy. Thus a relay, tube, transistor, 
or magnetic core may be either saturated or “turned off,” 
with the difference between these two states very definite 
and distinct. For this reason, more than any other, most 
digital components and systems have been designed around 
the binary language rather than, say, a tertiary one. 

In this section we will consider some of the more com- 
mon basic circuits and devices used in digital systems. 
Functionally, the circuits may be classified into the two 
broad areas of logic and storage, although some circuits 
perform both functions interchangeably or simultaneously, 
while others fall into neither category. In the class of 
logical circuits are the flip-flops, AND circuits, OR circuits, 
NOR circuits and gates, while circuits which perform stor- 
age functions include flip-flops, delay lines, drums, core- 
matrices, and relays. The ubiquitous flip-flop will be con- 
sidered first, since it has such a wide range of application, 
exceeded only by the range of circuit configurations which 
it may assume. 


Flip-Flops 


Basically, a flip-flop does just what its name implies— 
it flips or it flops. It is a device which, when triggered by 
appropriate inputs, will assume one of two possible output 
states, and any circuit acting this way may fall into the 
category. This characteristic is the one which makes the 
flip-flop useful as a logical device, since the state the output 
assumes depends in some logical way on the input sig- 
nals. The nature of the logic depends on the particular 
type of flip-flop used. A flip-flop’s usefulness for storage 
applications is its ability to remain in the most recently 
selected output configuration even after the input (but not 
power) has been removed. The circuit thus “remembers” 
its decisions even after the data on which these were based 
are no longer available. To this extent a flip-flop is like 
a mechanical toggle switch (which requires only a momen- 
tary actuation to establish one of two output positions, and 
then remains in that position until re-actuated) and is 
sometimes called a “toggle”. 

Very briefly, most flip-flops are circuits containing two 
“active” circuit elements (such as vacuum tubes, tran- 
sistors, Or magnetic cores—see Fig. 8) interconnected so 
that under steady-state conditions only one of these two is 


SEPTEMBER 1959 


conducting current (or flux); the other one is turned off. No 
other equilibrium condition should be possible. If a tran- 
sient should tend to bring the non-conducting element into 
conduction or to reduce the degree of saturation of the 


Input 2 





Fig. 8—Simple flip-flops using (A) vacuum tubes, (B) transistors 
and (C) magnetic cores. 
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Fig. 9—Typical AND circuits. 

conducting one, then after the transient dies the circuit 
will either fall back into the previous condition, or, if the 
transient is powerful enough, “flip” over into the opposite 
equilibrium state. The previously saturated element is then 
turned off while the other one goes into saturation. Inputs 
to flip-flops are transients of the second type. 

Several different types of flip-flop can be used to per- 
form logical functions, depending on the particular logical 
problem to be solved. Perhaps the most common are the 
J-K, the R-S, and the R-S-T flip-flops. These are distin- 


guished by their response to the various possible combina- 
tions of the input signals (one to each of the two active 
components and, for the R-S-T flip-flop, the clock pulse). 
The three “truth-tables” below define the reactions of each 


type: 


l not 
allowed 


where J,,, Ay, Ra, 
t n; Q, is the output at ¢ = n; Q, is the state opposite Q,,: 
n+l, 


S,, and 7, are the various inputs at time 
and Q,,; is the output at ¢ 


In practice, digital circuits are so designed that only 
one (or at most two) types of flip-flop need be used in any 
one system. The relative utility of these various circuits 
is beyond the scope of this discussion, but may be pur- 
sued in the references marked (D) in the appended bibli- 
ography. 


AND, OR and NOT Circuits 


AND circuits, or gates, perform only logical decision- 
making, and have no memory function. They may use 
either active or passive circuit elements (Fig. 9). Basically, 
the logic of an AND circuit states that there shall be an out- 
put only if all of the inputs are present at one and the 
same time. Thus, if three inputs, A, B and C, are con- 
nected, there will be an output only while A and B and C 
appear concurrently at the inputs. The notation here as- 
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Fig. 10—Typical or circuits. 


sumes the boolean-algebra convention that A represents 
the signal-present or ON state of digit A, while A repre- 
sents the signal-absent or OFF state. Thus, for the three- 
input AND circuit above, there would be no output if the 
input conditions were A and: B and C (A*BeC). AND cir- 
cuits are also called gates, because any one of the inputs 
can be thought of as “gating” on the output if all the other 
inputs are present. This is particularly true in circuits 
where timing pulses synchronize the various operations. 
Here the timing pulse inputs to each AND circuit actually 
gate the logical operations. 

The or circuit performs another type of logic. Like AND 
circuits, OR’s can be built from either active or passive cir- 
cuit elements (Fig. 10). The logical decision of an OR 
circuit is to present an output if any one or more of the 
inputs are present. Thus, the combination A and B and C, 
which resulted in no output from an AND circuit, would 
cause an Output to appear in an OR circuit. 

Rounding out the trio of circuits with which most logical 
equations can be instrumented is the NOT circuit, or in- 
verter. This circuit is characterized by a single output 
which is always the negation, or opposite, of the single 
input. Thus, if the input is B, the output is B, and vice 
versa. 

By using only AND, OR and NOT circuits, it is theoretically 
possible to instrument logical equations of any degree of 
complexity. In practice, however, power amplifiers must 
be inserted in a large network of passive logic as each 
stage of passive logic reduces the difference in magnitudes 
of the OFF and ON states through forward-drop in diodes 
and attenuation in the resistors. Eventually not enough 
signal is left to make the correct logical decisions. Active 
logical circuit elements have inherent amplification and 
their outputs can be made to conform to the standard 
logical values chosen for the system. In measurement and 
control applications (as opposed to digital computers and 
data processers), however, there are seldom so many stages 
of logic that signal attenuation becomes a problem. In 
general, passive devices are used as they are usually 
smaller and more reliable than active ones. 


NOR Circuits 


It is frequently more efficient (in terms of reducing the 
number of different circuit elements and power require- 
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Fig. 11—Nor circuit with truth table. 


ments) to use NOR circuits. The Nor circuit will have an 
output only if none of the several inputs are present (Fig. 
11). While it is not easy to see intuitively why this type 
of circuit should be particularly useful, the Nor circuit 
can be a more powerful device than the OR-AND-NOT com- 
bination (particularly in data-processing and computing 
applications) because Nor circuit combinations can be used 
to perform all three functions—aND, OR and NOT—as 
shown in Fig. 12. 


Comparators 


A circuit with no function in digital circuits as, such, 
but vitally important in analog-to-digital converters (and 
therefore required in all devices which measure voltages 
digitally) is the comparator. This is a circuit with either 
two or three outputs, depending on its intended use. The 
outputs are determined by which of two inputs is larger in 
magnitude. A two-output comparator has an output which 
assumes One state when input / is larger than input 2, and 
the other state when input 2 is the larger. As with a flip- 
flop, there is no intermediate equilibrium condition, and 
one of the two possible output states must be assumed. A 
three-output comparator recognizes a third equilibrium 
condition when the two inputs are within a certain toler- 
ance of each other (essentially equal). 

One of the simpler two-output comparators is the 
Schmitt trigger circuit of Fig. 13. Here transistor T2 con- 
ducts and the output is positive as long as the input to T/ 
is less than the trigger-level design value. In this circuit 
one of the two input voltages must first be inverted in 
polarity by means of the differential preamplifier. When 
the signal on transistor T/ exceeds the design level, T/ 
starts to conduct, and this reduces the drive signal on 72, 
tending to reduce the current through it. This reduces the 
emitter voltage of 7T/, increasing the drive to this stage. 
The regenerative action causes a sharp drop in output 
to a near-zero value determined by resistor R/ and the 
current drawa by 77. 

If it is possible to predict from which direction the 
inputs will approach each other, and if only a transient 
output is required to indicate equal inputs, a simpler, more 
accurate circuit is the Multiar. This circuit, Fig. 14, as- 
sumes that input e, is initially higher than e,, which pre- 
vents the diode from conducting. Because of the forward 
bias, the transistor is in full conduction. As e, becomes 
equal to e., the diode conducts in the forward direction 
and the transformer will couple the base and emitter cir- 
cuits in a regenerative loop, driving the transistor into cut- 
off temporarily. This produces a positive output pulse 
whose length is determined by the time constant (R,C in 
Fig. 14) and can be made quite long, so that if e, is a 
sawtooth wave form, the output could conceivably remain 
positive until after recovery of the sawtooth.* 

A three-output comparator requires two of the two-out- 
*A very detailed explanation of both the Multiar and other regenerative 


comparison circuits is given in Chapter 15 of Pulse and Digital Circuits, J 
Millman and H. Taub, McGraw-Hill 
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NOR 
circuit 


NOT circuit (inverter) 


Q=A-B-C 





AND circuit 


NOR 


OR circuit 


Fig. 12—Nor circuits for various logic functions. 


put circuits plus logic to decide which of three possible 
output leads should be energized. As shown in Fig. 15, 
it is necessary to add a small bias voltage e, to one of 
the two inputs to establish a tolerance band within which 
the two inputs are considered equal. If the bias is added 
to input J, for example, then input / and input 2 would 
be applied to one of the comparators while input / + e, 
is compared to input 2 in the other comparator. A truth 
table can then be written for the three possible outputs; 
the mechanization for this logic is quite simple. 


Memory 


The function of storage, or memory, must be performed 
many times in the field of measurement, especially where 
One quantizer samples several variables. Storage media 
may be classified as those memory devices which require 
power to store the information (volatile storage) and those 
which do not (non-volatile storage). Thus the flip-flop pro- 
vides volatile storage since if the power to the flip-flop is 
turned off the information is lost. The same is true of most 
delay-line storage devices: distributed parameter lines, 
lumped-constant lines, quartz lines, ultra-sonic crystals, 
mercury-tank delay lines, magnetic drums and magnetic 
tapes. These are listed in order of increasing delay times, 
and the delays obtainable range from fractions of micro- 
seconds for the distributed constant lines to minutes or 
hours in the case of tapes. The storage provided by all 
of these delay devices is volatile with the exception of 
the last two. The information stored on magnetic materials 
such as drum surfaces or tapes is not lost when power is 
turned off, and this fact makes these devices very powerful 
tools. The primary function of drums and tapes is that of 
storage; their utility as delay devices arises only when the 
rate at which the recording surface is driven past the read 
and write heads is closely controlled and accurately known. 


Magnetie Cores 


The storage function can also be performed by mag- 
netic cores and relays. Magnetic-core storage is non-vola- 
tile and depends on the hysteresis characteristics of the 
core material rather than the current flowing in the wind- 
ings (as is the case with logic-circuit cores). Once cores are 
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Fig. 13—Schmitt trigger comparator circuit. 
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Fig. 15—Three-output comparator block diagram. 


saturated in one direction or the other, they will stay in 
this condition until information of opposite polarity is 
applied to the windings. One problem with core storage 
is that reading out the stored information (by conventional 
methods*) destroys the information. After read-out, if 
the information is to remain in storage it must be 
re-inserted into the core. This is an additional procedure 
not required of the other storage media mentioned. Size 
and speed, however, frequently make core storage desirable 
in spite of the destructive read-out. A typical memory core 
is about Me in. in diam, or even smaller. Writing or read- 
ing speeds are on the order of 10 psec. 

Core storage is used, however, only where large amounts 
of information must be stored. The windings are difficult 
and intricate; read/write circuits are quite complex. Gen- 
erally, whole matrices of cores are wired together and 
fairly sophisticated control circuits designed to provide 
random access to any one, or any set, of the cores in a 
matrix. Most frequent application is in high-speed compu- 
ters and data processors; they are less frequently encoun- 
tered in measurement devices. 


Cores ws Tubes ws Transistors 


Many of the considerations which govern the choice of 
components for non-digital circuits apply also in the area 


* Non-destructive readout can be achieved with cores, but the methods are, 
in general, extremely intricate. 
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of digital measurement and control. In digital circuits, 
however, the fact that cores (and, to a much lesser degree, 
transistors) are less amenable to linear operation than 
vacuum tubes is an advantage rather than a disadvantage. 
The very fact that it is easier to saturate these devices (or 
to turn them off) than it is to operate them linearly makes 
them ideally suited for binary applications. From the 
standpoint of size, weight, and reliability too, the core and 
transistor circuits are preferable to tube circuitry. These 
factors are, however, becoming less significant with the 
development of new “solid-state” vacuum tubes by several 
old-line tube manufacturers. 

Vacuum-tube circuits have advantages over solid-state 
circuits for high-voltage, high-frequency, high-temperature 
and high-radiation applications. In control applications in 
particular, it is frequently important to switch power not 
only in the form of heavy current (for which transistors 
are ideally suited) but also at high voltages. Here tran- 
sistors, because of their relatively low (50 to 100 volts 
maximum) breakdown voltages, are not usable. Vacuum 
tubes or thyratrons, on the other hand, can switch hun- 
dreds and even thousands of volts on the basis of digital 
commands. 

For digital measurements at high speeds (high frequen- 
cies), transistors have been developed to operate in and 
above the highest frequency ranges necessary for switching 
and logical operations. These high-frequency transistors 
are still, however, considerably more expensive than tubes 
for the same applications. But as production techniques 
are advanced, this will certainly change. Frequency is a 
limitation on logical core circuitry also, but in a more basic 
sense than cost. The inductance of the core windings of 
core Circuitry simply limits the speed. A conservative upper 
limit is about 50,000 cps. In memory (as opposed to 
logical) applications, where cores represent the only read- 
ily available high-speed, random-access storage devices, the 
physical core size has been reduced to an absolute mini- 
mum to reduce inductance limitations on frequency. 

With transistor circuits, high temperatures change bias 
conditions quite drastically and also reduce power-han- 
dling capabilities. At the other end of the scale, the gain 
(of silicon units) is reduced considerably at very low tem- 
peratures to the point where, for example, a flip-flop circuit 
might not have enough positive feedback to make a transi- 
tion when it is triggered. While vacuum tubes also have 
limitations on allowable power dissipation at high tempera- 
tures, they are not nearly as sensitive to this factor as are 
transistors. 

When exposed to high-energy radiation, the semicon- 
ductor materials used in transistors appear to undergo 
more drastic characteristic changes than do the materials 
in vacuum tubes. Not enough experimentation has been 
carried out to explain these changes fully. and until this 
is done it will be difficult to “design around” this problem. 


Relays 


In the earlier days of the art, the relay was almost the 
only storage device available. However, because of speed 
limitations and their size and power consumption, relays 
are being replaced more and more in digital systems where 
these factors are important. Yet, relays do have several 
important advantages over the more glamorous electronic 
devices. For example, the operation of one relav -vhich 
represents a “bit” of information) can provide information 
through its multiple contacts to several different circuits. 
Furthermore, the control circuit, which stores the HOLD or 
RELEASE information in the relay coil, is quite indenendent 
of the signals which may flow through the relay contacts. 
Thus control or measurement signals are operated on by 
the contacts, while the relay coil can be part of an entirely 
different circuit. This is not possible with any of the other 
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Basic Components for Digital Circuits 


Compcnent Application Characteristics 


Very email and ruaued: highly reliable solid-state versions now aveilable; high 
back-impedance available in silicon units; low forward resistance limited to 
germanium diodes which have smaller temperature tolerance and lower back- 
resistance than silicon; relatively inexpensive; take high forward currents, but 
magnitude of back-voltege is limited. 


AND and OR circuits; dee 
used for switching and iso- 
lation 


Diodes (semi- 
conductor) 


Generally larger and more delicate than solid- state devbees: most require fila- 
ment power and high power-supply voltages; may have several inputs due to 
multiple control grids; generally a voltage-controlled device; limited current 
capacity; useful at high frequencies and high powers; relatively inexpensive; 
quite reliable under proper operating conditions. 


Logical and switching cir- 

cuits; used in flip-flops, in- 
verters, power amr lifiers 
and comparators 


Very small and rugged; quality-control in seoduation nes mada valle bility 
high; low power drain in OFF condition; generally a current-ccntrolled and 
current-controlling device; limited to lower voltages than tubes; high-frequency 
operation limited to few types; can control high currents; high-power, high- 
voltage and high-frequency units relatively expensive; temperature sensitive 
in many applications. 


Transistors 
Logical and switching cir- 
cuits; used in flip-flogs, in- 
verters, power amplifiers 
and comparators 


Logical circuits; storage; 


flip-flops 


Magnetic cores Very small physical size; not cunned unless special provisions are sade for 
support; very reliable; controlled by current; temperature sensitive; inex- 


pensive in certain applications; generally used only for ‘pulse applications. 


Drums and tapes 


Expensive unless quantity of indemmation stored is tenner: temperature sensi- 
tive; bulky; require considerable amounts of ancillary circuitry; generally 
reliable if carefully designed. 


Storage and delay 


Generally quite expensive; size ont ruggedness depend on amount of delay 
and type of line; highly reliable; limited power-handling ability; temperature 
sensitive. 

Switching circuits and log- 

ical circuits; storage 


Delay lines 


Relatively large; sensitive to vibration and shock; can control large numbers 
of parallel circuits; significant control power required; can control large volt- 
age, current, or power; slow operating speed; relatively expensive; can be very 
reliable; good isolation between controlling and controlled circuit. 


devices discussed, and can be a very desirable feature. 

Relay storage may be either volatile or non-volatile, de- 
pending on the relay type. Magnetic-latching relays main- 
tain their state without electrical power and thus provide 
non-volatile storage. Other relays do not have this feature 
and thus lose the information stored whenever they are de- 


energized. Another feature of relay switching is that con- 
tact closure represents a physical connection of previously 
disconnected circuits. This means that circuits can be iso- 
lated from each other (in the OFF state) much more com- 
pletely than is possible in any of the electronic switching 
devices. 


Measurement 


The three physical quantities which most readily lend 
themselves to digital measurement are time, displacement 
and voltage. The most basic is time, since many techniques 
used to measure voltage and other variables involve the 
implicit measurement of time. 


can be created this way, with counting down used for 
still longer increments. Many other methods exist for 
generating the time reference, almost all based on a 
resonant oscillator of some sort, either mechanical or 
electrical; however, pulse generators are also used which 
generate relatively constant known delays for spacinz the 
pulses. An example is the relaxation oscillator which 
depends on the time interval required to charge a capaci- 
tor through a resistor to the firing potential of a gas tube. 
More sophisticated devices may depend on the propaga- 
tion time through a known medium, such as mercury, to 
space the pulses. Many more methods exist for generating 
pulse trains, but the techniques available for counting 
pulses are more pertinent here than pulse generation. 


Pulse Generation 


Digital time measurement is essentially the counting of 
sequences of accurately timed pulses. Such pulses can be 
generated in a number of ways, depending on the quan- 
tizing level, or resolution, to which the time is to be mea- 
sured. Thus, for a train of accurately spaced pulses which 
resolve time into fractions of microseconds, the natural 
frequency of a quartz crystal is generally used. These fre- 
quencies are very stable at constant temperature and de- 


; : ‘counters 
pend only on the physical dimensions of the crystal and Count 


the vibration mode induced. (Output of a crystal oscillator 
is, Of course, a sine wave which is then “shaped” at peri- 
odic points.) A counter which starts at zero and counts 
pulses generated by such a crystal will thus express a digital 
measure of time elapsed since the start of the count. In 
many applications crystal frequencies are too high. This is 
handled by “counting down,” that is, using only every sec- 
ond, or fourth, or eighth, etc., pulse. For larger time in- 
tervals, where stability is not as critical, mechanical tuning- 
forks are frequently used. Time incréments of 1-10 millisec 
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Most pulse counters used to measure time are composed 
of a series of flip-flops, as in Fig. 16a. The state of the 
basic transistor flip-flop of Fig. 16b can be reversed by 
applying a negative pulse to input /, or a positive pulse 
to input 2. Either input will serve to bring the non-con- 
ducting transistor 72 into conduction and cut off 7/. 
Reversing the triggers will bring the flip-flop back to its 
original state. Thus a choice can generally be made of 
either positive or negative trigger pulses to apply to op- 
posite inputs to flip the flip-flop back and forth. 
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If both inputs are ued together through diodes which 
pass pulses of only one polarity — say, negative — the 
counter of Fig. 17 results. Successive negative input 
pulses will cause the flip-flop to “set” and “reset”, return- 
ing to the initial state after every second pulse. If either 
one of the collectors is used to feed into a subsequent 
flip-flop, the R-C differentiating network will produce only 
one negative-going output pulse for every two negative 
input triggers. Thus, a division by two or a counting- 
down by two can be achieved. The subsequent flip-flop 
changes state only half as often as the triggering flip-flop, 
and this sequence can be repeated as many times as is 
necessary. The six-state counter of Fig. 18 is thus able 
to measure, or count, up to 2°—1, or 63 pulses. After 
every flip-flop in the counter has been set to a 1, the next 
pulse which enters the first flip-flop will start a chain 
action which will set all the flip-flops back to 0, and the 
count will start over again. If time is to be measured, the 
input pulses must be spaced by a known time interval. 
Once its input stage is triggered, the counter thereafter 
contains the measure, in binary form, of the time elapsed 
after the first pulse of the train. 

How long after an actual point in time the counter will 
display this time value depends on the reaction time of 
the flip-flops. The more flip-flops in series, the longer the 
delay; furthermore, the delay depends on how many flip- 
flops are changed by any one pulse. A method for pre- 
senting pulses to all stages of a counter simultaneously 
is shown in Fig. 19. At the expense of an AND circuit 
and a delay for each flip-flop, the delay in measuring time 
can be reduced to the reaction time of any one flip-flop— 
plus a small additional delay to prevent a flip-flop from 
reacting until after the AND circuit has gated trigger 
pulses to the next flip-flop in line. Thus the last flip-flop 
can receive a trigger at the same time as the first. 

Time need not be measured only in binary language, of 
course. By interconnecting the gates and delays of a four- 
flip-flop counter as in Fig. 20, the tenth incoming pulse 
can be used to reset the entire counter to zero. At the 
same time the reset pulse may be used as the input to an 
identical counter, which then counts every tenth pulse. 
Thus, by interconnecting four-stage counters, it is possi- 
ble to get decimal read-out directly either of time, or of 
pulses derived from other sources. 

Another useful modification of the basic binary counter 
is the bi-directional counter of Fig. 21 (similar to Fig. 
19). Whereas in Fig. 19 the same output from each flip- 
flop gates the AND circuits, in the forward-backward 
counter both outputs from each flip-flop are used. Pulses 
to be added to the counter are gated to the (++) line; 
pulses to be subtracted arrive on the (—) line. The two 
lines are gated by the opposite outputs from the flip-flop 
output. Thus a flip-flop will change state either if the 
previous one changed from 1 to 0 when pulses are to be 
added, or if the previous one went from 0 to 1 when 
pulses are to be subtracted. (This arrangement obeys the 
tables for binary addition and subtraction given in the 
section on “Codes and Languages.”) 


Voltage Converters 


Many data-logging systems require the measurement of 
d-c voltages in terms of their digital equivalents. These 
requirements are generally met by a digitizing device 
which samples the various voltages in the system and 
converts them one by one into digital information suit- 
ably scaled for the subsequent data-processor. Here, then, 
the sampling rate and the quantizing level are determined 
as outlined previously, and the digitizer, or converter, 
samples each unknown voltage in turn. Four basic in- 
gredients are common to most analog-to-digital voltage 
converters: 
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Comparator: to compare the measured voltage with 
a voltage generated inside the converter either by 
feedback from the output or by a reference source. 

Gate: controlled by the output from the comparator, 
which either turns the gate on or off, or directs the 
stream of pulses in one direction or the other, de- 
pending on the result of the comparison. 

Pulse Generator: to supply the pulses for the register 
or counter through the gate. Whether the timing of 
these pulses is critical depends on the type of con- 
version process. 

Register or counter: to develop the output quantity 
in digital form. Again, which one is used depends on 
the type of conversion. 


generic 


5 


Voltage-to-digital converters fall into two 
classes: 

@ Multiple-input-signal (multiplexed) converters where 
several different voltages are sampled in sequence. 
Each comparison starts out at a reset or other con- 
dition unrelated to the previous measurement. 
Continuous-input-signal converters where each suc- 
cessive comparison can take advantage of the previ- 
ous measurement and a more rapid response be 
achieved. 
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Fig. 16—Basic counter (A) and basic flip-flop (B). 
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Fig. 17—Binary counter and output wave forms. 
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Converters for Multiplexing 


Possibly the oldest technique for measuring voltage 
digitally is by comparing a standard-reference sawtooth 
signal to the unknown, as illustrated in Fig. 22. This 
converter is connected to each input just long enough to 
make a conversion; thus a measurement will not neces- 
sarily bear any relation to the digital number in the 
counter at the beginning of the sampling period. General 
practice is to reset the counter to zero, and then start the 
conversion process. The reset-pulse triggers the start of 
the reference sawtooth voltage (whose linearity and slope 
must be accurately controlled) and starts the pulse gen- 
erator producing a sequence of equally spaced pulses at a 
rate scaled to the slope of the sawtooth. The comparator 
compares the value of the sawtooth with the unknown. 
As long as the sawtooth is less than the unknown, the 
comparator output holds the gate open and allows the 
counter to accumulate pulses. When the two inputs be- 
come equal, the comparator closes the gate, and the 
value accumulated in the counter is a digital representa- 
tion of the unknown. If the sawtooth is assumed linear 
from zero to E (where E is always larger than the un- 
known) and N is the number of pulses generated while 
the sawtooth increases from zero to E, then the digital 
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Fig. 19—High-speed carry counter. 
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read-out D, for an unknown input e is 


D, =-£-X N 


I 
This mechanization is very flexible with respect to scaling; 
merely changing the pulse generation rate (to change N) 
alters the scale factor of the conversion. 

The sawtooth method, however, has several distinct dis- 
advantages. Conversion speed is possibly the most severe. 
Since the counter is reset to zero before each conver- 
sion, it must count pulses up to the required value while 
the pulses are applied only to the least significant digit of 
the counter. Each conversion period is thus dependent on 
the magnitude of the unknown voltage, and may be rela- 
tively long for large voltages, especially where high 
resolution is required. Just as important a disadvantage is 
the difficulty of generating a linear sweep with a controlled 
slope. Non-linearities in the waveform will cause the 
counter to stop counting pulses either too early or too 
late, depending on whether the displacement error in the 
region of the unknown is positive or negative. Since 
sweep linearities* of better than 0.1 per cent are nearly 
impossible to achieve, this error imposes a fundamental ac- 


* Sweep linearity is generally defined as the ratio of the maximum excursion 
from the desired straight line divided by the voltage range over which the 
sweep operates 
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Fig. 21—Forward-backward counter. 





curacy limitation. Also, any change of the sawtooth slope 
will directly affect the conversion since the counter as- 
sumes a constant relation between slope and pulse repeti- 
tion rate. 

By eliminating the dimension of time as an intermediary 
between analog input and digital output, many of the 
above disadvantages can be avoided. The next two 
schemes do just this. The first one, functionally dia- 
grammed in Fig. 23, has an output register serving the 
dual functions of providing read-out and driving a resistive 
ladder network? which converts the contents of the regis- 
ter back into an analog voltage. This is compared to the 
unknown input as follows: the register is reset to zero 
initially; then, a pulse is admitted to the most significant 
digit position of the register. This results in an output 
voltage from the ladder network which is fed back to 
terminal 2 of the comparator. The comparator now 
decides whether the fed-back voltage e, is more or less 
than the input voltage e,. If e, is higher, then the com- 
parator output causes the gate to channel the next pulse 
to subtract from the most significant digit position of the 
register, and add to the second-most-significant position 
instead. Again, e, (which is now half as much as before) 
is compared to e,. If the unknown is sensed to be larger 
than e,, the comparator causes the gate to channel the 
next pulse into the next-least-significant digit position 
without subtracting from the previous one. This process 


+t For a more complete discussion of these resistor network converters see 


“Combined Analog-Digital Control Systems.”” M. H. Nothman, ELectricat 
MANUFACTURING, June 1958. (4) 
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is repeated until a decision has been made for each stage 
in the register, at which time the conversion is complete. 

With this second method the time per conversion is a 
function of the number of register stages rather than the 
signal magnitude. Accuracy is dependent primarily on the 
stability of the reference voltage and the precision of the 
resistors in the ladder network. The remaining difficulty 
is in the comparator which must, when the last digit posi- 
tion is to be filled, compare two very nearly equal volt- 
ages. This problem, too, is overcome by the third type of 
converter, which reverts back to an open-loop conversion 
scheme. 

The third converter is instrumented so that only large 
voltages are compared to each other. As shown in Fig. 24, 
this requires a new component, a linear amplifier, so de- 
signed that its gain is exactly 2. The converter operates as 
follows: the reference voltage e, is subtracted from the 
unknown, and the comparator decides merely whether the 
remainder is greater or less than zero. If it is greater, a 
pulse is inserted in the most significant position of the 
register, and the remainder is amplified by the gain-of-2 
amplifier. The reference is once again subtracted from the 
amplified remainder, and the comparison made. If this 
time the new remainder should be less than zero, no pulse 
is inserted in the next position of the register, and the 
original remainder (before the second subtraction) is 
amplified again. This process is repeated, and each time 
that a subtraction results in a positive remainder, a pulse 
is added to the register in the appropriate position, while 
a negative remainder causes the previous remainder to 
be re-amplified without a pulse being inserted in the regis- 
ter. The comparator in this circuit need only compare 
two voltages at the exact same level all the time, the level 
of reference voltage. Its dynamic range may therefore be 
very limited, and the design less critical. Costly precision 
resistors are not needed. The conversion speed of this 
third method (comparable to that of the second) is deter- 
mined by the speed with which the appropriate decision 
is made for each of n register stages. This depends largely 
on the settling time of the amplifier and the comparison 
circuit. In each case a per-stage conversion time of 1 psec 
is possible with practical circuits. 

The sawtooth converter does have one significant advan- 
tage over the two subsequent devices in multiplexing sys- 
tems: where several measurements are to be made simul- 
taneously (in parallel), and where the limitations of this 
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Fig. 24—Converter, using 
' scale-of-2 amplifier. 
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converter are not significant, it is possible to share some 
of the functional components among the various channels. 
This cannot be done with the latter two converters. Figure 
25 shows a multi-channel arrangement with sawtooth and 
pulse generators common to all channels; only the com- 
parator, gates and counters are duplicated. 


Continuous-Signal Converter 


A conversion technique for non-multiplexed measuring 
devices is the feedback-controlled converter of Fig. 26. 
Here the read-out device is a forward-backward counter 
arranged to drive a ladder network similar to that of Fig. 
23, but the comparator has three output states. When 
the feedback voltage e, equals the unknown input e,, the 
comparator closes the gate to all pulses from the pulse 
generator. When e, is less than e,, the add gate is opened 
to the least significant position of the counter, and when 
e, is larger than e,, pulses are substracted from the same 
position. Since this is a continuous closed-loop comparison 
between the decoded digital output and the unknown input 
voltage, this converter can be used where a single voltage 
is to be measured digitally, and where variations in this 
voltage are to be instantaneously reflected in the digital 
read-out. The response time of the converter is finite, 
limited by the counter rate. By using the speedup tech- 
nique of Fig. 19, however, reasonably fast variations may 
be followed. Normal bandwidth considerations cannot be 
applied here since, contrary to the more conventional 
fixed rise-time characteristic of a linear system, the rise- 
time of this converter depends on the counting rate, which 
stays constant regardless of the magnitude of the tran- 
sient step which the input may undergo. Thus, large 
transients will result in longer “rise-times” than small 
transients, and for large excursions of the unknown, the 
bandwidth of the converter is less than for small excur- 
sions. If the maximum counting rate is p pulses per sec, 
each representing a voltage increment e, at the output of 
the ladder network, then the maximum rate of change the 
converter can follow is p X e, volts/sec. If a step voltage 
of magnitude E is applied at the input, it will take 
E/(e,  p) sec for the digital output to catch up. 

In general, “closed-loop” converters like the second and 
last types described involve more circuitry than the first 
(sawtooth comparator) but are more accurate and stable, 
since they do not require intermediate conversion to time. 
The gain-of-2 amplifier is probably the most sophisticated 
of the lot, requiring minimum circuitry and relatively few 
precision components. 

There is almost any number of additional circuits which 
can be used for the digital measurement of voltages. So 
many transducers exist which convert physical phenomena 
into d-c voltages (like thermocouples, pressure transducers, 
accelerometers, flowmeters, strain-gages, etc.) that the 
need for obtaining digital read-out from such devices has 
faced many designers. Considerably more design effort has 
therefore gone into voltage-to-digital converters than into 
instruments which transform physical phenomena directly 
into a digital format. There are, however, several develop- 
ments in this field also. 


“Vibrating-String”’ Transducers 


This family of devices utilizes the fact that the resonant 
frequency of a stretched string, or wire, varies predictably 
with tension. If the string is made to vibrate at its resonant 
frequency, measurement of this frequency will be a direct 
measure of the tension in the string, or of any variable 
which can be converted into tension on the string. Such a 
device could easily measure strain, pressure, and, indirect- 
ly, acceleration and velocity. The frequency output of this 
device can be considered a series of pulses, the number of 
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which in a given time-interval represents string-tension in 
digital form. All that is required, therefore, is to create a 
precisely timed gate during which the pulse-train is counted 
in a regular counter. The counter reading at the end of 
each gate is then the digital representation of the measured 
variable, to a scale factor determined by the characteristics 
of the vibrating string and the length of the timing gate. 


Proximity Pick-Ups 


These also involve a gated counting operation. Here a 
magnetic pickup is used to sense when a permeable or 
magnetized object passes in the vicinity of the pickup. In 
the most common application a slug of iron or steel is at- 
tached to the periphery of a rotating object, and the pickup 
is placed close enough to detect whenever the slug passes 
by. (5,6) Each time this happens, the pickup puts out a 
pulse signifying a change in the magnetic field at the pick- 
up location. The velocity at which the slug passes will 
affect the pulse size, but as long as the pulses are distin- 
guishable at all, they may be counted during timed inter- 
vals to provide a digital measurement of the rotational 
speed of the object on which the slug is located. 

This device can also be used to measure liquid and gas 
flow. An accurately calibrated spinner is located in the 
fluid-carrying pipe, with the slug placed on a spinner 
blade (or the blades themselves made of permeable mate- 
rial). The pickup can be either inside the pipe, or, in the 
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Fig. 25—Multiplexed sawtooth encoder. 
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Fig. 26—Closed-loop continuous converter. 
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input Fig. 27—‘Kicksorter” or pulse-height analyzer. (7) 


case of a non-magnetic pipe material, just outside the pipe 
wall. 


Pulse-Sorter 


Some highly sophisticated digital techniques have been 
developed in the field of nuclear instrumentation. While 
many of these techniques are too esoteric for this discus- 
sion, there is one device, known as the “kick-sorter” or 
“pulse height analyzer,” which relates quite closely to gen- 
eral measurement problems. This device is used to deter- 
mine how many pulses of each of several amplitudes are 
produced in certain nuclear reactions. Since the basic 
input from the experiment consists of pulses, and the out- 
put data is processed for statistical analysis, digital instru- 
mentation is immediately indicated. The elementary form 
of the kick-sorter shown in Fig. 27 uses comparators simi- 
lar to those described above. (7) Reference inputs are 
derived from the common bias supply which establishes 
the amplitude classes into which pulses are sorted. The 
coincidence circuits are AND circuits which receive the 
register pulse at the time when the input pulse reaches 
its peak. Each AND circuit (except the highest-numbered) 
requires three simultaneous inputs. As a pulse appears on 
the input line, it actuates the comparators in sequence, 
starting with the lowest, until it reaches the one set for a 
level just below the pulse’s peak value. The comparators 
have outputs similar to flip-flops, in that they provide two 
outputs of Opposite polarities which reverse when the un- 
known input exceeds the reference input. Because of the 
interconnection of comparator ouputs with AND circuits of 
the next lower stages, only that AND circuit corresponding 
to the last comparator turned on will have two valid inputs 
when the “register pulse” provides the third input. Only 
this AND circuit will therefore have an output pulse, which 
goes to the counter for that particular amplitude class. 
After registration, the reset pulse restores the comparators 
to their neutral state, ready for the next input pulse. 


Position Transducers 


Two general types of analog-to-digital position converters 
are used; those which measure angular position and those 
which measure linear position. Most of the basic methods 
for instrumenting either type can also be found in the 
other. Thus, both types of devices can be built to actuate 
switches, move brushes over conducting segments, illumi- 
nate photocells through coded apertures, or move two 
halves of a resolver past each other. Each of these tech- 
niques is used to measure position in digital form. 

Oldest, and least accurate, method is to actuate a set of 
switches mechanically by radial or linear cams. Since 
switches are on-off (binary) devices, this type of converter, 
similar to all other commonly used position converters, 
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puts out some form of binary code. Cam profiles may, 
however, be cut to any arbitrary pattern, so the code can 
be arranged for easy translation to decimal or other num- 
ber systems. Because a cam contour is not easy to cut with 
closely spaced detents (for actuating switches), it is gen- 
erally necessary either to gear up the encoder motion so 
that a large distance along the cam profile coresponds to 
a short increment in the measured position, or to use 
them only where high resolution is not required. 

A more common type of encoder uses a pattern of con- 
ducting surfaces deposited on a non-conducting base mate- 
rial. Brushes sense the code to be read at the ouput. By 
photo-etching techniques the patterns can be made to very 
fine resolutions; ‘1:-in.-wide conducting segments are not 
unusual. This width represents the maximum resolution 
of the encoder, corresponding to the least significant digit 
in the output number. For linear position measurements 
this is not a very high resolution; however, if the pattern 
is circular, and is placed on a 3-in.-diam disk, the disk 
periphery can hold about 640 distinct segments, of which 
half will be conducting and the other half non-conducting. 
One-half degree resolution is thus possible. Most commer- 
cially available encoders of this type are limited to resolu- 
tions of one part in 2? to one part in 2°, with higher reso- 
lution obtainable only through gear-up methods. 

Still higher resolution and accuracy are obtained with 
optical encoders. Their application is limited only by their 
relatively high cost, and the increased external circuitry 
for read-out. Optical encoders are one to two orders of 
magnitude more precise than the commutating brush types. 
Accuracy obtainable is one part in 21‘, but associated read- 
out equipment may reduce this to one part in 2'7 unless 
careful design is employed. In general, optical encoders are 
used in a rotary configuration to measure angular position; 
however, there are applications where optical encoding is 
done by means of diffraction gratings on a linear scale, 
and an incremental rather than absolute digital measure 
is obtained. (8, 9) Linear position measurements can also 
be made, of course, by using a rack and pinion, or pre- 
cision lead screw, to translate the linear displacements into 
angular rotation and then using a conventional optical or 
electrical shaft-angle encoder. This is done in many ma- 
chine-tool control applications where table and cutter 
travel, which are linear, are measured with angle encoders 
through precision rack-pinion combinations. 

An incremental encoder equally suitable to linear or 
angular position measurement is the so-called Inductosyn 
developed by the Farrand Optical Company, Inc. (8) This 
device is actually an electromechanical resolver, except 
that where the more conventional resolver has two poles, 
the Inductosyn has as many as 1000 and construction is 
such that a linear position resolution can be obtained. The 
“windings” are metallic conductors printed on flat glass 
plates, and although the read-out is analog in the form of 
sine and cosine waves, each 360-deg period of the output 
can be quantized into as many as 1000 different incre- 
ments. Since each pole pair occupies as little as 0.1 in. of 
length, a read-out of 0.0001 in. of linear travel is possible. 
Because of the cyclic nature of this encoder, it is necessary 
to add several coarser position encoders to define which 
0.1 in. increment is being resolved. 


Ambiguity 


This is a problem common to all position-determining 
devices. With any device which expresses position in in- 
cremental form, it is impossible to predict what happens 
when the position to be measured falls just on the border- 
line between two numerically different positions. If the 
digital code used is such that more than one digit of the 
code must change between the two positions, there will 
always be an ambiguous position, or region, in which 
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some of the digits assume the proper values for one of the 
two positions, while the remaining digits assume the values 
of the other position. The net output is an erroneous digi- 
tal code corresponding to neither position. This funda- 
mental difficulty is the most important reason for the Gray 
code discussed previously. But the Gray, or reflected, code 
is not directly meaningful to an interpreter and must be 
subsequently translated to a straight binary code, which 
then has real meaning to the data processor. 

Another approach is to use the state of each digit as 
a criterion to determine how the next most significant 
digit should be evaluated. This is known as the V-brush 
method, and uses the straight binary code sequence: 


0 
1 
0 
1 


Each digit changes (in the direction of increasing count) 
whenever the next least significant digit changes from 1 to 
0 (due to carry propagation of the binary code). One can 
predict that when digit n is a 1, and the count is increas- 
ing, that digit n-+-1 will shortly change its state—indeed, 
should change at exactly the time digit m changes from 1 
to 0. In the direction of decreasing count, it is similarly 
possible to predict that, when digit n is 0, digit n+-1 will 
change state as digit nm changes from 0 to 1. 

The coded conducting pattern of Fig. 28 has brushes so 
placed that these changes can be predicted. Two brushes 
are placed on segment n-+-1; one on the leading side of the 
read line and the other the same distance on the lagging 
side. Brush B/ anticipates the next state of digit n-+-1 
and brush B2 will not know about the change until it has 
passed the reading line. For decreasing counts, the seg- 
ments move in the opposite direction, and the roles of B/ 
and B2 are reversed. In either case, however, a logical 
decision can be made based on the state of digit n: 

e If n is a 1, the state of n+-1 will be read by B2. 

e If n is a O, then n-+-1 will be read by B/. 


As the count increases, when n changes from 1 to 0 the 


Decrease -— 


ates! ge i 
line from (n) 


Fig. 28—Non-ambiguous V-brush method. 


readout of n-+-1 is switched from B2 to BI, which has 
been on a l-segment for some time, and thus the correct 
readout will result. When n changes back to a 1, the read- 
out of n+-1 is switched back to B2, which by this time 
is also sitting on a conducting segment and therefore indi- 
cates a 1. It is then “safe” for the segment change to pass 
under B/ in anticipation of the next transition of n from 
a 1 to a 0, at which time n-++-1 should also switch from 1 
to 0. If this type of logic and dual-brush system is now 
used on every digit position except the least significant 
one, then no ambiguity problem exists. A diode network 
can be used to perform these logical decisions within the 
encoder.* This technique and many additional encoder 
problems are discussed in more detail in Professor Suss- 
kind’s book (see Bibliography). 


Summary 


All digital measurements are accomplished by some 
form of analog-to-digital conversion. The analog quantity 
may be either the measured variable itself, or a voltage 
analog thereof. The former type of measurement is gen- 
erally more accurate, and therefore more desirable, while 
the latter type is more commonly used and more generally 
applicable because there are so many transducers readily 
available to convert the measured parameters into d-c or 
a-c voltages. The lower accuracy of voltage digitizers is 
frequently offset by their suitability to multiplexing, or 
time-sharing, of several information channels. In many 
situations the economic and space advantages of multi- 
plexed operation far outweigh the accuracy penalty. 

s The Problem with self-contained diode logic for solving the V-brush prob 
lem is that in a 13-digit encoder, for example, 13 diodes are connected in 


series between the voltage source and the 13th digit output. The voltage drop 
resulting from this is frequently intolerable 


Control 


Many techniques have been developed for using the 
digital language of computers and data processors to con- 
trol physical systems. These digital controls may be con- 
sidered under two general categories: 


e@ those in which the digital command is converted into 
an analog voltage by means of a digital-to-analog 
converter, which is then used to control a servo- 
mechanism of some sort; 


e those in which no intermediate analog command is 
developed explicitly prior to the physical output. 


The distinction here may be slightly obscured, but there 
is nevertheless a significant difference in concept between 
a control actuator which receives its control signals in 
digital form, and whose output is correspondingly limited 
to a finite number of discrete possibilities, and an actuator 
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which is controlled by a continuously variable signal and 
whose output may assume a correspondingly continuous 
range of values. One of the more obvious differences is 
that true digital control systems are generally “open-loop,” 
while the others are “closed-loop” controls. There are, of 
course, control techniques which fall somewhere between 
the two types mentioned. Particularly in the field of nu- 
merical control for machine tools, where many different 
mechanizations have been developed, it is frequently diffi- 
cult to classify the control. A few of these “hybrid” con- 
trol methods will be illustrated. 


Parallel Binary Actuators 


While the majority of digital controllers developed have 
been for machine tool control, there are also other areas 
where it has been found desirable to translate digital con- 
trol orders directly into physical responses. An example 
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is the positioning device used in the data processing equip- 
ment now being built for the Federal Aviation Agency 
(FAA) by General Precision Laboratories of New York 
for automating routine functions in air traffic control. Its 
function is to position a printing device accurately over a 
certain line of print (among a large number of possible 
lines) as commanded by a digital code from a magnetic 
drum storage. As illustrated schematically in Fig. 29, the 
print head is rigidly attached to a pair of flexible steel 
tapes, connected on one end to a spring-return mechanism. 
The other end of each tape is fixed. Each tape passes over 
a series of stationary rollers and under eight rollers, each 
attached to a pneumatic actuator. These actuators are 
merely piston-cylinder combinations whose travel limits are 
accurately determined. The travel of the different cylin- 
ders progresses in a binary ratio from the smallest incre- 
ment (4 in.) to the largest. By actuating the proper com- 
bination of cylinders, any print-head location from 0 to 32 
in. can be controlled. The print head, which weighs some- 
thing under 12 Ib, can be positioned to any of the 128 
positions in about 1 sec. This type of digital control is 
amenable to other positioning applications where control 
orders are available in any form of fixed-weight code. Thus 
binary, decimal and binary-coded-decimal codes could be 
used, while reflected and other variable-weight codes could 
not. 


Series Binary Actuators 


Another pneumatic positioning system, which also ac- 
cepts digital control orders directly, has been developed at 
the Electrodata Division of the Burroughs Corp. This de- 
vice, Fig. 30, controls much smaller travels with higher 
precision than the previous one. The method is again to 
add up the travel of several different cylinder-type actua- 
tors, but by a serial arrangement. Total excursion of the 
driven element, which is again a tape, is 1.000 in. con- 
trolled to increments of 0.001 in. anywhere within the 
limits.* The input consists of binary-coded-decimal (BCD) 
information, so that four digits are required for each of 
the ten possible 1/10, 1/100, and 1/1000 digits. The three 
sets of four digits thus require the twelve pistons shown. 
From a consideration of the BCD code it is clear that as 
many as nine of the pistons may be actuated at any one 
time (0.777), or none may be actuated (0.000). 

In operation, the “0” piston, to which the working tape 
is attached, is forced to the right by opening valve “0”, 
which introduces fluid under pressure P to the first cavity 
at the left end of the cylinder. If no other command is 
given (zero displacement), all the other pistons are then 
forced against each other at the right end of the cylinder 


* A similar 3-dimensional scheme is described in Ref. (10) 


due to the force resulting from pressure P in the first 
chamber. If any of the other 12 control valves are actu- 
ated under control of the digital positioning command, air 
under pressure 2P will be forced into the corresponding 
cavity. This causes all the pistons to the left of this point 
to move to the left by an amount determined by the length 
of the stud extension which is attached to the piston form- 
ing the left wall of the particular cavity under pressure. 
Thus, by accurately controlling the length of these studs, 
the proper position increments are added serially (in linear 
distance, not serially in time) to accumulate the distance 
specified by the control code. To prevent excessive im- 
pacting between the cylinders when command codes 
change, the actuating fluid in the first cavity is an oil of 
specified viscosity, and which is made to flow through an 
orifice for adequate damping action. The tape tension is 
clearly set by the force on the “0” piston due to the pres- 
sure P, and this represents the criterion for determining 
the load which may be controlled by this actuator. 


Stepping-Motor 


A completely different technique is a stepping-motor 
drive developed by Topp Industries for machine tool con- 
trol. (77) While elements of analog servomechanism meth- 
ods are contained in this control, the technique is so 
specifically adapted for digital control that it can be con- 
sidered a digital control device. The heart of this control 
is an instrument stepping motor which controls a power 
motor for performing the actual positioning function. The 
control orders in this system consist of serial trains of 
pulses which are not coded. Each pulse represents a cer- 
tain increment of output motion, in this case 0.0002 in. 
Successive pulses are applied to sequential pairs of dia- 


Fig. 29—Digital positioner (parallel). 


Ts 
| e 
~O-On0 


su Tape 


Print-head 





| Motion 





0.0! |0.004 10.00) 














pe 0,02 |0,008 |0.002 


2P 2P 2P 2P 


evened 





Fig. 30—Digital positioner (serial). 
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Fig. 31—Stepping motor: 
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metrically opposed pole pairs of the stepping motor shown 
in Fig. 31. For one direction of work-table motion the 
pole energization would proceed in a clockwise direction, 
while the opposite motion would result from counterclock- 
wise sequencing. By proper choice of rotor-pole numbers 
(larger than the number of stator-pole pairs) it is possible 
to achieve an angular resolution of 1/40 revolution of 
rotor movement for each input pulse, even though there 
are only four stator pole pairs. 

Rotor motion is transmitted to a lead screw on which a 
nut carries a steel slug which is the tuning element of a 
differential transformer, Fig. 32. Rotation of the lead 
screw thus de-tunes the differential transformer by a spe- 
cific amount for each step of the rotor movement. Un- 
balance of the differential transformer provides a signal 
which, when amplified, drives the power motor so as to 
re-center the tuning slug through the drive-pin arrange- 
ment shown. The power servo motor thus is slaved to the 
stepping motor, and can assume only one of a finite num- 
ber of discrete positions, which in turn results in incre- 
mental positioning of the machine-tool table. 

The only errors which can occur are due to servo in- 
accuracy (function of gain) and the loss of pulses. By 
proper design, the first error source can be minimized. 
Although there is no way of checking against loss of pulses 
continuously, it is possible to program into the system 
certain checkpoints at which the pulse count is known, 
and to compare this count with the pulses stepped off by 
the control. Or, if the pulses are counted in a forward- 
backward counter, so that the two directions of motion 
result in addition and subtraction, respectively, then the 
control orders can include instructions for bringing the 
machine-tool table back to the origin after each program 
of motions has been completed. The counters should then 
read zero (if they had been reset at the start), provided 
no errors have been committed. 


Counter-Controlled Brake 


Another hybrid system is one developed for punch- 
press position control by the Fuji Tsushinski Manufac- 
turing Co. of Japan. The power sources are conventional 
a-c motors, but by using digital techniques the need for 
servo-amplifier control over the drive motors has been 
eliminated. The input data is on punched tape. Successive 
positions are coded in terms of the distance to be traveled 
from one point to the next. The number of pulses corre- 
sponding to this distance (each pulse represents 0.1 mm 
of motion along any one axis) is stored in a counter, and 
the drive motor is then energized. A disk with holes ar- 
ranged circumferentially is attached to the leadscrew, and 
generates pulses (by photoelectric means) whose number 
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Fig. 32—Sensing element of stepping control. 


is proportional to the angle through which the motor and 
leadscrew have rotated. These pulses are subtracted from 
the setting in the counter, and when a certain number re- 
mains in the counter—in this case 39—an eddy-current 
brake is applied. Thirty-nine pulses later, full braking is 
applied, which locks the work table in the desired position; 
at this time power is also removed from the motor wind- 
ings. Because the controlled braking action is applied at 
a known distance from the desired position, it is possible 
to predict the rate at which the speed of the table de- 
creases, and therefore to apply the final locking brake 
within the time required to prevent over-shooting. The 
system can thus be, and is, open-loop. This type of opera- 
tion is practical here primarily because the factors affect- 
ing the braking effect (table and load inertia, motor speed, 
magnitude of eddy-current forces, etc.) can be so well pre- 
dicted. Otherwise, the slowdown prior to locking would 
require a longer time period, increasing the point-to-point 
positioning time. 

This control system is one of the first to use “para- 
metron” logic in the control circuits. This type of logic 
utilizes bi-stable ferrite-core devices known as “para- 
metrons” which show great promise as relatively cheap, 
reliable and simple logic elements. The two states are de- 
fined by in-phase or out-of-phase oscillations excited by an 
input frequency twice as high as the output oscillation 
(hence the name parametron, since such oscillations are 
known as parametric oscillations). (//) 


Relay-Tree Comparator 


Absolute positioning (as contrasted with the incremen- 
tal positioning of the previous method) is utilized in the 
machine control system developed by the Barnes Engi- 
neering Company under the trade name of Binotrol. (/2) 
The distinguishing feature of the Binotrol system is that 
it is, in effect, a closed-loop system in the digital (not 
analog) domain. The feedback element is a simple shaft- 
angle encoder which translates the linear motion of the 
work table into straight binary notation. Each binary digit 
position of the encoder controls a relay (O) in a relay- 
tree circuit as shown in Fig. 33. The other relays shown 
(/) are controlled by corresponding digits on the punched- 
tape input. From the circuit of Fig. 33 it is clear that 
unless the status of each relay in a pair is the same as 
that of the other relay in that same pair, power will be 
applied to either the “forward” or the “reverse” relay. 
When all relay pairs are in the same state, the “stop” relay 
is energized. Thus, when a new tape position is read, 
some of the F retays will change state to correspond to the 
new binary information being read. The relay tree is ar- 
ranged so the most significant digits are compared first to 
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minimize the table motion required to bring the J and O 
relays into correspondence. 

Many other positioning systems are, of course, used for 
the numerical control of machine-tools, many of them 
more sophisticated than those discussed here. The exam- 
ples given, however, indicate some of the techniques which 
can be used to apply digital information directly to the 
control of physical systems. In using these techniques it is 
important to distinguish between the terms “accuracy”, 
“resolution”, “repeatability” and “sensitivity”, all of which 
have to be specified before the adequacy of a digital con- 
trol can be determined. Accuracy refers to the size of the 
error which remains after the digital command has been 
carried out by the control device. The term resolution, 
on the other hand, refers to the smallest increment that 
either the command or the measuring device can distin- 
guish. In other words, it is the physical quantity corre- 
sponding to the least significant digit of the code being 
used. In comparing these two definitions, it becomes obvi- 
ous that a control device whose accuracy is such that the 
errors exceed the resolution is poorly designed. Generally, 


Bibliography 


Note: Code (T) = theory, (D) 
niques, (M) = measurement. 


digital components and _ tech- 


Automatic Control System Synthesis, J. G. Truxal, McGraw-Hill, 
New York (1957). (T) 

Handbook of Automation, Computation and Control, Grabbe, Ramo 
and Wooldridge, Wiley, New York. (7)(D) 

Notes on Analog-Digital Conversion Techniques, A. K. Susskind, 
Wiley, New York, and M. I. T. Technology Press, Cambridge. 
(T)(D)(M) 

Transients in Linear Systems, Gardner and Barnes, Wiley, New York 
(1942). (T) 

The Design of Switching Circuits, Keister, Ritchie and Washburn, 
D. Van Nostrand, New York (1951). (T) 

Engineering Applications of Boolean Algebra (combined reprint), 
Beizer and Leibholz, ELecTRICAL MANUFACTURING, New York 
(1958). (T) 

Arithmetic Operations in Digital Computers, R. K. Richaras, D. Van 
Nostrand, New York (1955). (D) 

Digital Computer Components and Circuits, R. K. Richards, D. Van 
Nostrand, New York (1957). (D) 

Logical Design of Digital Computers, Phister, Wiley, New York. (D) 

Pulse and Digital Circuits, Millman and Taub, McGraw-Hill, New 
York. (D)(M) 


Cited References 


1. “Numbering Systems,” I. L. Auerbach, ELectricaL MANUFAC- 
TURING, September 1957, p 116. 

2. “Digital Codes for Machine Control,” W. H. T. Holden, Evec- 
TRICAL MANUFACTURING, December 1956, p 105. 

. “A Decimal Code for Analog-to-Digital Conversion,” B. Lippel, 
IRE-PGEC Transactions, Vol. 4, December 1955, p 158. 


REPRINTS of this ninth article in ELECTRICAL MANUFACTURING’S new Basic Science and Engineering series are 


the accuracy of a digital control should produce errors 
less than one-half of the specified resolution, since other- 
wise the least significant digit of the digital code is redun- 
dant information. Repeatability is a term which, in effect, 
refines the meaning of accuracy. It expresses the ability 
of a control device to repeat identical outputs when the 
same input command is given. Such repeated outputs may 
well be closer to each other than the accuracy of the sys- 
tem warrants, since accuracy must take into account errors 
in all possible outputs, while repeatability refers only to 
any one unique output. Finally, sensitivity refers to the 
degree to which a control device is susceptible to external 
influences other than the input commands. As such, this 
term applies only to closed-loop systems since, by defini- 
tion, an open-loop control does not sense anything but 
the input. In a closed-loop system, however, an error in 
the output which is caused by other than the desired inputs 
is referred to as noise, and the virtue of the closed loop 
is that the means exist for correcting such errors. This 
ability to correct for noise disturbances, then, is known 
as sensitivity. OOO 


. “Combined Analog-Digital Control Systems,” M. H. Nothman, 
ELECTRICAL MANUFACTURING, June 1958, p 78. 

. “MBS Counting Circuit Controls Numerically Programmed 
Index Table,” C. B. Smith, ELectricaL MANUFACTURING, 
March 1958, p 138. 

. “Overspeed-Overtorque Detection by Pulse Timing,” M. E 
Fitch, ELECTRICAL MANUFACTURING, June 1959, p 84. 
Electronics, W. C. Elmore and M. Sands, p 244, McGraw-Hill, 
New York (1949). 

}. “High-Precision Electromechanical Linear Measuring Systems,” 
F. Brouwer, ELECTRICAL MANUFACTURING, August 1957, p 128. 
“Transistorized Computer Modules for Machine Tape Control,” 
P. F. Fischer, ELECTRICAL MANUFACTURING, September 1958, 
p 100. 

. “High-Speed Digital Positioning with Binary-Coded Air Cylin- 
ders,” G. E. Comstock III, ELEcTRICAL MANUFACTURING, Feb- 
ruary 1957, p 116. 

. “A Survey of 31 Point-to-Point Positioning Systems—Part II,” 
J. D. Cooney and B. K. Ledgerwood, Control Engineering, 
February 1958, p 99. 

. “Relay Matrices Analyze Tape Data in Automatic Lathe,” 
Staff Report, ELECTRICAL MANUFACTURING, October 1956, p 140. 


Related Articles in the 
ELECTRICAL MANUFACTURING 
Basic Science & Engineering Series 


“Using Fourier Analysis In Designing Whole Systems, Sub- 
systems and Devices,” Ira Ritow, February 1959. 

“Basic Statistics for the Design Engineer,” James L. Jenkins, 
May 1958 


available at $1.00 per copy. Use the handy Order Form on page 218 or write direct to ELECTRICAL MANUFACTURING, 


205 East 42 Street, New York City 17. 


ELECTRICAL MANUFACTURING 





Effects of Thermal Environment 
On Laminated Plastics 


A correlation of the effects of heat and 
moisture on the dimensional stability and 
mechanical and electrical characteristics 


of thermosetting laminates, based on 


property evaluations and standards by 
ASTM, NEMA and Johns Hopkins Uni- 


versity. 


S. W. PLACE 

Technical Supervisor 
CONTINENTAL-DIAMOND Fipre COMPANY 
Bridgeport, Pennsylvania 


SELECTION OF PROPERTY TESTS to evaluate a_ plastics 
laminate material properly should be dependent on the 
end-use application. For the majority of plastics lamin- 
ates, standards of flexural and impact strengths furnish 
sufficient information for most mechanical applications. 
Where electrical qualities are important, dielectric 
strength, insulation resistance, or loss-factor values may 
not, in themselves, be sufficient. How these properties are 
affected by high humidity or thermal exposure must 
also be known. For a proper evaluation of the effect of 
heat upon laminated plastics materials, the time of ex- 
posure at a given temperature must be known and the 
actual testing should be conducted with the material 
exposed to that temperature. 

The end-use requirements of plastics materials seldom 
duplicate either the loadings, dielectric stresses, arcing 
conditions, or the temperatures and humidities established 
by standard test methods. The validity of an evaluation 
of individual property values of laminated plastics by 
standard ASTM test methods may therefore be ques- 
tioned, since the actual application may involve condi- 
tions differing widely from the standardized test condi- 
tions. Therefore, the evaluation of individual properties 
under standard test conditions should be used only as a 
guide to the expected performance of the material under 
actual conditions of use. Standard test methods covering 
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a given specimen size or configuration, rate of loading, 
and environmental test conditions are necessary for re- 
producibility of results between different laboratories, or 
in comparing various lots of the same grade of laminated 
plastics tested at different times or in different labora- 
tories. 


Thermal Effects 


A factor frequently overlooked in the selection of a 
suitable laminate for use at elevated temperatures is the 
long-term effect of heat on the laminate properties. Con- 
tinuous thermal exposure at over 100 C causes permanent 
dimensional shrinkage in length, width and thickness of 
most thermosetting laminates. In addition, the mechanical 
and electrical properties are usually adversely affected 
by long-term exposure to temperatures above 100 C. 
The higher the temperature, the greater the dimensional 
shrinkage, with attendant effects upon mechanical and 
electrical properties. Long-term thermal exposures cause 
increasing dimensional shrinkage, corresponding to time 
of exposure, with increasing effect upon mechanical and 
electrical properties. Though laminated plastics with- 
stand long-term thermal exposure up to a certain critical 
temperature (depending on the resin-type of laminate) 
almost indefinitely, deterioration of the laminate begins 
beyond this critical temperature. The rate of deteriora- 
tion increases with increase of temperature beyond the 
critical temperature for that resin-type of laminate. 

The upper temperature limit at which most cellulosic- 
base phenolic resin laminates can be used continuously 
ranges between 100 and 120 C. For intermittent appli- 
cations, 10- to 20-deg higher temperatures may be used. 
Asbestos or glass-fabric-base phenolic resin laminates 
can be used continuously at temperature ranges between 
130 and 150 C. A silicone resin binder applied to a 
glass-fabric base will produce a laminate capable of 
continuous operation at temperatures up to 200 C. 

Thermal exposure of most laminated plastics materials 
causes an increase in dielectric loss properties, particu- 
larly at lower frequencies; the higher the temperature, 
the greater the dielectric losses at any given frequency. 
Other electrical properties similarly affected by thermal 
exposure are electric strength and insulation resistance, 
both of which are lowered. An exception to this is glass- 
base silicone, which may actually show a substantial 
increase in perpendicular electric strength under many 
time-temperature relationships. 
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Flammability of Plastics, Self-Ex- 
_ tinguishing Type 
Deformation of Plastics under Load 


Heat Distortion Temperature of 


Test for ere Voeons. i 
rent, Resistance of Solid 
iectrioal Insulating Materials 

SPECIFICATIONS* 

Laminated Thermosetting Ma- 

‘terials * 

Vulcanized-Fiber Sheets, Rods and 


Tubes Used for Electrical In- 
sulation 


(@ METHODS oF TESTING 
; D348-56 Laminated Tubes Used for Electri- 
cal Insulation 
D349-56 Laminated Round Rods Used for 
Electrical Insulation 
D619-S4T Vulcanized Fiber Used for Electri- 
cal Insulation 


fications reference — applicable 
property evaluations. 


Mechanical strength properties, including _ tensile, 
Hexural and impact strengths, are also affected by thermal 
exposure: the higher the temperature and the longer 
the time of exposure, the greater will be the loss of 
mechanical strength due to embrittlement. 

In the NEMA-Johns Hopkins program, covering the 
effect of heat on thermosetting laminates,* it was noted 
that many laminate grades showed a considerable loss 
in mechanical and electric strength when tested at 
elevated temperatures after 1 hr exposure. However, sub- 
stantial recovery set in at many temperatures during 
the 168-hr test period, showing a decrease for longer 
periods of exposure. 


Stability—Dimensional, Electrical, Mechanical 


The extent to which the laminate is affected by tem- 
perature and humidity changes in respect to dimensional. 
electrical and mechanical changes is dependent not only 
upon the magnitude of the environmental changes, but 
upon the particular grade of plastics laminate used. 

Dimensional stability is important in many applica- 
tions, such as ball-bearing retainers, rotor blades, close- 
tolerance gears, water-pump thrust washers, cams, breaker 
arms, slot wedges and close-tolerance punchings. Ab- 


sorbed moisture or high humidity will cause moisture 
to penetrate into the laminate, particularly along the 
edges, resulting in dimensional growth in thickness. 
length and width. The greater the thickness, the longer 
the period required before saturation or dimensional 
equilibrium is reached. Thermal exposures also con- 
tribute to dimensional changes. The initial temperature 


effect is a thermal expansion which may be readily cal- 
culated from the coefficient of thermal expansion for 
that particular grade. Such data, as well as other physical. 
mechanical and electrical property data for the standard 
NEMA grades, are available in NEMA Standards Pub- 
lication LP1-1959. 

At temperatures over 80 to 100 C, after the initial 
thermal expansion caused by a temperature rise, a con- 
tinuing shrinkage sets in on long-term thermal exposure. 
This is due to gradual loss of resin volatiles, resulting 
in final dimensions well below those originally measured 
at room temperature. Thus there is, in effect. a hysteresis 
loop in the growth-temperature curves, where each sub- 
sequent application of heat starts off from a lower base 
to form a new hysteresis loop from a slightly reduced 
panel size. Such tests, usually carried out under con- 
trolled conditions of time and temperature, allow evalua- 
tion of the expected dimensional variance of the part 
for specific end-use applications. 

“Deformation of Plastics under Load” (ASTM D-621- 
51) is an important test for applications involving use 
of jack spacers which are held under pressure by bolting 
or eyeletting together. This property is defined as “a 
dimensional change due almost entirely to flow, and 
dimensional change due to a combination of flow and 
shrinkage caused by loss of water or other volatile 
matter.” Dimensional shrinkage, as the result of con- 
centrated loadings such as take place in jack spacers 
under the restraining forces of rivets or eyelets, can 
cause an eventual loosening of the assembly if the lamin- 
ate is too soft or is not sufficiently moisture-resistant to 


*See “High-Temperature Characteristics of Thermosetting Laminates,” Exec 
raicaL Manuracturinc, April 1959, p 115 for a Staff Report on the NEMA-Johns- 
Hopkins program. 
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keep this shrinkage to a minimum. NEMA eglass-base 
grades G-2 (phenolic), G-5 (melamine), G-6 and G-7 
(glass-base silicone), G-10 and G-11 (glass-base epoxy) 
and NEMA paper-base phenolic XXXP are well suited 
for applications requiring minimum dimensional shrink- 
age under load. NEMA grades G-10 and G-11 are par- 
ticularly well suited for such applications because of 
their extremely small dimensional shrinkage under load. 


Critical Electrical Requirements 


Where critical electrical requirements are involved, 
consideration should be given to the possible effect of 
environment on electrical properties. High humidity, like 
elevated temperature, increases dielectric loss, the sever- 
ity of which depends upon the material’s ability to resist 
the absorption of moisture. Most NEMA and ASTM 
standards for laminates are based on tests run at room 
temperature under prevailing atmospheric conditions. To 
determine the effect of moisture absorption upon dielec- 
tric losses of a laminate, specimens are preconditioned 
in water for 24 hr at room temperature. A more severe 
test, for the better electrical-grade laminates, is precon- 
ditioning by water immersion for 48 hr at 50 C. The 
change of dissipation factor and dielectric constant, as 
measured both before and after preconditioning, is an 
indication of the magnitude of the effect of absorbed 
moisture upon dielectric losses of the laminate. A similar 
conditioning and testing procedure is followed for dielec- 
tric-strength testing parallel to the laminations, wherein 
specimens are tested both before and after 48 hr of 
preconditioning in water at 50 C. The insulation resist- 
ance of laminated plastics is then the electrical sum of 
the surface and volume resistances. Under average at- 
mospheric conditions, most laminate grades have sufli- 
ciently high insulation resistance for practically all elec- 
trical requirements. However, at high humidity, par- 
ticularly at higher temperatures where saturated air 
holds a greater quantity of moisture, there may be a 
substantial absorption and adsorption of atmospheric 
moisture by the laminate. This results, over a long period 
of time, in a considerable reduction of the insulation 
resistance. 

For electronic applications, where high insulation re- 
sistance is an important requirement, NEMA grade 
phenolic XXXP, glass-base silicone grades G-6 and G-7, 
glass-base epoxy G-10 and G-11l, or a glass-base Teflon 
laminate may be used. Low dielectric losses characterize 
grades G-6, G-7 and glass-base Teflon, while epoxy grades 
G-10 and G-11 are intermediate between grades G-7 and 
XXXP in dielectric loss properties. 

Other important properties in many critical electrical 
requirements are tracking, arc and corona resistance. A 
test for arc resistance using a high-voltage, low-current 
arc is already standardized in ASTM Test Method D 495- 
58T. Results obtained by this test method may not cor- 
relate with results of tests conducted at other voltages 
and currents. Under study at this time by the electrical 
subcommittees of ASTM Committee D-9 are proposals 
for methods of testing arc resistance at high current 
densities, also test methods for tracking and corona re- 
sistance. In many applications where fires may result 
from arcing or flashover, a flame-retardant laminate may 
be specified. Such a laminate, incorporating antimony 
trioxide, tricresyl phosphate and other compounds, is 
difficult to ignite. However, after being ignited, the in- 
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corporated chemicals tend to quench the flame, thus 
preventing it from spreading to adjacent units and asso- 
ciated equipment. 

Thermal exposure at temperatures up to the maximum 
recommended operating temperature limit of the lam- 
inate causes a considerable rise in the dielectric losses 
of the laminate, as noted in a measurement of the dis- 
sipation factor and dielectric constant. The temperature 
effect upon dielectric losses is greater in the lower fre- 
quency ranges, being particularly marked at 60-cycle fre- 
quencies and becoming less as the frequency is increased. 
Even a moderate temperature rise of 30 to 40 C can cause 
a large rise in the low-frequency dielectric losses for 
some grades. The effect of a moderate temperature rise 
upon the dielectric loss characteristics of some laminates 
may be more pronounced than the effect of high hu- 
midity. Where low dielectric losses are important, it is 
advisable to determine the effect of thermal exposure 
on dielectric loss properties over the operating tempera- 
ture range, and also the effect of sustained high humidity 
upon these properties. Dielectric losses in a field parallel 
to the laminations are usually considerably higher than 
in a field perpendicular to the laminations.* 


Effects of Environment on Wear 

For applications involving wear of gears, cams or any 
surface subject to wear, it is important to know the 
rate of wear of the material—preferably under condi- 
tions of loading and surface speeds approximating those 
encountered in service. The effects of environmental tem- 
perature and humidity are important in these determina- 
tions, since excessive temperature and humidity can 
considerably increase the rate of wear of laminated ma- 
terials over that obtained under prevailing laboratory 
atmospheric conditions. 

Cotton-fabric-base laminates, in preference to paper, 
asbestos or glass-fabric-base laminates, have been found 
to have highest wear resistance. When used for gears, 
the cotton-fabric-base laminate provides resiliency and 
toughness, contributing to improved wear resistance. 
Various cotton fabrics are used as a base for phenolic- 
resin-impregnated laminates. These fabrics may range 
in weight from 3.5 to 15 oz per sq yd. Since the heavier 
cotton fabrics produce laminates with higher impact 
strength, they are more suitable for large gears which 
are subject to greater impact forces. The lighter-weight 
fine-weave cotton fabrics are more suitable for laminates 
used in the manufacture of small gears under less severe 
operating conditions. Laminates made from fine-weave 
fabrics show a finer machined appearance on the cut 
edges, with absence of fuzziness. Better wearing quali- 
ties of gears, cams or other parts subject to wear are 
secured when the wearing surface is edgewise to the 
laminations, 

Wear tests may be conducted under arbitrarily chosen 
test conditions of surface speed and loading, either dry 
or under oil, at either room or elevated temperatures. 
Such standardized test conditions enable one to com- 
pare broadly the relative rates of wear of various lamin- 
ate materials, even though the end use for such gears, 
cams, or other parts subject to wear may only ap- 


proximate those of the standardized test conditions. 
VEAL 


*See “Evaluating Dielectric Properties of Plastic Laminates,” S. W. Place 
Evecraican Manuracturinc, October 1954. 





R & D Progress in 
Ultrahigh-Temperature 
Dielectric Materials 


Up-to-date report on the Bureau of Ships contracts for embedding 


and potting compounds, capacitor dielectrics, r-f cable insulation 


and magnet wire for operations requiring 500-hr service life at 350 C 


ambient, with target of 3000 hr at 500 C. Nuclear radiation environ- 


ments are also considered. 


L. E. SIEFFERT 
Bureau of Ships 
Dept. oF THE Navy 
Washington 25, D. C. 


ELECTRONIC COMPONENTS AND ASSEMBLIES in_ high- 
speed naval aircraft and missiles of the future are ex- 
pected to operate in ultrahigh-temperature ambients 
(350 C and above). Successful operation of such equip- 
ment is inherently dependent upon the development of 
ultrahigh-temperature dielectric materials. The nature 
and present status of the Bureau of Ships research and 
development contract program on these materials are 
therefore of both current and potential importance. This 


Table !—Properties of Fully-Cured Ceramic 
Embedding Compounds* 


Cured 16 hr at 120 C 
Specific gravity 1.8 
Flexural strength, psi 1000 
Dielectric constant (10? to 10'° cps) approx 4.2 
Dissipation factor (10? to 10'° cps) < 0.004 
Volume resistivity, ohm-cm, 70 F 10! 
500 C 2 X 10 

after 120 hrat90percentRH,70F 10° 
Electric strength, vpm, 100-mil 

sample 100 
Thermal shock of embedments with- 


out cracking 


between 2000 F and 


— 70 F 


Apparent porosity, volume per cent approx 27 


* Emerson and Cuming’s Eccoceram SM25 
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article provides such information on a factual basis; 
names of Navy contractors are given and materials un- 
der development are identified by composition and 
characteristics. 

The present Navy requirements in ultrahigh-tempera- 
ture materials (revised in some degree from those pub- 
lished last year) appear on pages 150 and 151. The 
materials are discussed here in the same order as they 
are listed in the requirements. 


Liquid Potting Compounds 


Wyandotte Chemicals Corporation has been conduct- 
ing development work in this field for the U.S. Air 
Force and Bureau of Ships since April 1958. The pur- 
pose of this contract is to synthesize selectively substituted 
siloxanylferrocene materials in the expectation that such 
materials would have a broad liquid range, good ther- 
mal stability at high temperatures, and the requisite 
electrical properties at elevated temperatures. A repre- 
1.l’-bis (5-phenyl-1,1,3,3,5,5-hexa- 
methyltrisiloxanyl) ferrocene material has a pour 
point of —40 C, a boiling point of 463 C, and a 
weight loss of 0.4 per cent after 10 hr at 366 C. Volume 
resistivity and low-frequency dielectric loss character- 
istics at room temperature are inferior to those of di- 
methyl siloxane fluids. 

Future work will be concerned with: (1) the cleav- 
age reactions of 1,3-bis (1, 1’-ferrocenylene) -tetra- 
methyldisiloxane and conversion of the products to 
other “candidate” siloxanylferrocenes; and (2) study 
of the thermal stability, viscosity and electrical proper- 
ties. 


sentative material, 
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The substituted siloxanylterrocene liquid has promis- 
ing physico-chemical properties, but the acid test of 
its suitability as potting material will be whether further 
work will show that it has suitable electrical properties 
at ultrahigh temperatures. 


Embedding Compounds 


Three contractors are pursuing development work in 
this field for the Bureau: Emerson and Cuming, Inc.., 
Synthetic Mica Company, and Hughes Aircraft Com- 
pany. Since the approaches to the problem are different 
in each case, they are discussed individually in the suc- 
ceeding paragraphs. 

Emerson and Cuming, Inc. The contractor has been 
conducting development work for the Bureau since June 
1957 in the field of ceramic embedding compounds. As 
a result of the first year’s work the contractor has pro- 
duced a ceramic embedding compound designated Ec- 
coceram SM25 which is now commercially available. 
The material is a silicic acid gel-bonded synthetic mica 
material. The material has good mechanical and elec- 
trical properties at 500 C, good thermal shock resist- 
ance and can be cured at 120 C. Typical properties are 
given in Table I. Despite the weaknesses of high shrink- 
age during curing and porosity, the material is con- 
sidered worthy of trial use for embedding electronic 
components operating at 500 C ambient. 

The contractor is continuing work to develop more 
suitable materials. Properties of some of the materials 
studied are given in Table II. In the materials discussed 
in the table two approaches have been taken: (1) com- 


Background Note 


THE NEED FoR electronic materials and components for 
ultrahigh-temperature operation in military applications, 
particularly in the field of missiles and high speed aircraft, 
was discussed in a staff-researched report “Electronic Mate- 
rials and for Extreme Environmental Prob- 
lems,” by Alex. E. Javitz and Paul G. Jacobs, in November 
1958 EvecrricAn Manuracturinc. The report described 
the problem areas, the state of the art, and the develop- 
ment programs in being at that time. It was made clear 
that a major problem facing equipment and designers is 
the need for dielectric materials with the necessary ultra- 
high-temperature resistance. ies 

At the time this report was published the Navy's pro- 
gram on the development of ultrahigh-temperature dielec- 
tric materials had not proceeded much beyond the stage of 
formulation and specific objectives. The report therefore 
did not deseribe the specific progress or approaches being 
taken to meet the objectives. Since that time considerable 
progress has been made and rather definitive approaches 
have been taken. The purpose of the present article is to 
bring the available information up to date by discussing 
the nature and present status of the work being con- * 
ducted under Bureau of Ships research and development 
contracts. A companion program, not discussed in the 
paper, is under way at the Material Laboratory, New York 
Naval Shipyard, to appraise the characteristics of mate- 
rials now available. 

This article is the fifth in the current series of articles 
on materials and components for service in ultrahigh- 
temperature and nuclear-radiation environments. 


Table Il—Some Properties of Ultrahigh-Temperature Embedding Compounds* 


Binder (cel- 
loidal silica), 
parts per 100 
parts filler 
(by weight) 


Cure, in hr, | 
for each 
temperature 
Filler, per cent by weight (deg C) 
RT - 24 
60 C - 4 
160 C - 4 


per cent synthetic mica 33 
per cent Wollastonite 
(a natural calcium silicate) 


4 
5 


5 
5 


RT - 24 
60 C - 12 
160 C - 4 


30 per cent synthetic mica 
70 per cent Wollastonite 


RT - 24 
60 C - 12 
160 C -4 


15 per cent synthetic mica 
85 per cent Wollastonite 


RT - 24 
160 C - 24 


100 percent Wollastonite 


RT - 24 
60 C - 24 
160 C- 8 
550 C - 1 


75 per cent Pyroceram 7570 
lead glass 
25 per cent synthetic mica 


RT - 36 
60 C - 24 
160 C - 16 
550C -8 


75 per cent Pyroceram 7570 
lead glass 
25 per cent synthetic mica 


RT - 36 
60 C - 24 
160 C - 16 
550C -8 


70 per cent Pyroceram 7570 
lead glass 
30 per cent synthetic mica 


RT - 24 
60 C - 24 
160 C -8 


95 per cent synthetic mica 
5 per cent activator #23 
(Eccoceram SM-25) 


* Studied by Emerson and Cuming on a Bureau of Ships contract. 
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Volume resistivity, 
Modulus ohm-cm 
of 
rupture, 


psi 


Apparent 
porosity, 
volume 


per cent 500 C Density 


36.8 1060 1.99 < 10* 1 98 





bining Wollastonite with synthetic mica as the filler in 
the aquasol binder system and (2) combining Pyro- 
ceram as a filler-binder ingredient in the synthetic mica 
filler-aquasol binder system. 

Relatively satisfactory results have been obtained with 
the Wollastonite-containing systems. Shrinkage cracks 
have been noted when Wollastonite is used as the sole 
filler with the aquasol system, but these have been mostly 
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eliminated by combining it with synthetic mica. The 


Wollastonite has the advantage of imparting superior 


electrical properties, better 


low 35 volume per cent. 


Corning Glass Pyroceram 7570 was the low-melting 
lead glass used in some of the systems. It was anticipated 


that apparent porosity 


the glass to reach the temperature at which it would 
flow and seal connecting pores. To accomplish this the 
glass was used first as a co-filler with synthetic mica 
and colloidal silica binder. A reduction in porosity is 
not obtained until a concentration of 75-80 per cent by 
weight of the powdered glass is reached. By holding the 
samples at 550 C for 8 hr, a hundred-fold increase in 
resistivity was gained as compared with cure at 500 C. 


Requirements for 
Ultrahigh-Temperature 
Dielectric Materials 


|. Liquid Dielectric Material for 
Potting Electronic Components 


A potting material is defined as a liquid 
substance used to fill the space between an 
electronic component and its metal con- 
tainer transformer and_ its 
case). The dielectric potting material shall 
have a melting point of 50 ¢ 


(such as a 


or lower and 
have a boiling point of 500 C or higher. It 
shall have a minimum life of 500 hr at 
350 C (ambient) and a target life objec- 
tive of 3000 hr at 500 C (ambient). 
Electric strength shall be greater than 
10 kv (and preferably not less than 60 kv) 
at 60 cycles frequency and 500 C when 
ASTM test cup = with 
0.100 in. apart. 
Dielectric constant at 500 C and 1 me and 
100 me frequencies shall be less than 2.5 
preferably not than 1.5 
Dissipation factor at 500 C and 1 me and 
100 me shall be less than 0.005 (and 
preferably not greater than 0.001). 
The coefficient of 
pansion per deg C 


measured with an 


*%,-in. plane electrodes 


(and greater 3 


volume thermal ex- 
between 25 C and 


bonding, higher 
resistance, improved heat shock resistance, modulus of 
rupture, and shrinkage to the ceramic body. Success 


has not been achieved in reducing apparent porosity be- 


could be reduced by 


moisture 


Since the use of the low-melting glass has produced the 
best results in the reduction of apparent porosity, other 
low-melting glasses will be tried. The composition which 


is most desirable will be fully evaluated in all electrical 


allowing 


500 C shall be less than 0.005 and_prefer- 
ably not greater than 0.004. The material 
shall be rated as to its ability to with- 
a rate of 5000 
rads per hr and gamma radiation at a rate 
of 2.7 10° roentgens/hr. 


stand neutron radiation at 


2. Dielectric Material for 


bedding Electronic Parts 
& 


Em- 


The dielectric material shall be suitable 
parts having a 
minimum life of 500 hr at 350 C (am- 
bient) and a target life objective of 3000 
hr at 500 C (ambient). It shall be of a 
form suitable for 
shrinkage and 
organic or semi-inorganic in nature; shall 


for embedding electronic 


application with mini- 


mum porosity and in- 


match metals in thermal expan- 
sion; and shall be able to withstand ther- 
mal shock. The material shall have a dis- 
sipation factor at 500 C and 1 me and 
100 me (and 
preferably not greater than 0.07). Dielec- 
tric constant at 500 C at 1 me and 100 
me shall be less than 9.0 (and_ prefer- 
ably not greater than 5.0). The volume 
resistivity at 500 C shall be greater than 108 


ohm-cm (and preferably not less than 101° 


closely 


frequencies less than 0.9 


ohm-em). 
The volume 23 C after 
240 hr at 70 C suspended over water in a 
sealed container shall be greater than 108 
ohm-em (and preferably not less than 
1013 ohm-cm). The electric strength of 
a \-in. thick specimen at 500 C measured 
at 60 cycles shall be greater than 500 vpm 
and preferably not less than 1000 vpm 
(short-time test). The material shall be 
self-extinguishing when tested as specified 
in MIL-I-16923C. The material shall be 
rated as to its ability to withstand neutron 


resistivity at 


and physical properties. 

Vacuum impregnation of the cured embedding ma- 
terials has been found to offer some aid in the reduc- 
tion of porosity. Additional work is planned using this 
approach. External coatings will also be investigated. 

Synthetic Mica Company. The contractor has been 
conducting development work on embedding compounds 
for the Bureau since October 1958. The work is aimed 
at preparing a glass-based dielectric material which can 
be applied to electronic component parts at temperatures 
below 500 C but which will be thermally and electrically 


radiation at a rate of 5000 rads per hr and 
gamma radiation at a rate of 2.7 « 10° 
roentgens/hr. The material shall be evalu- 
ated by the applicable methods specified 
in MIL-I-16923C modified to use 500 C in 
tests involving high temperatures. 

3. Dielectric Material for Vacuum 
Impregnating Parts 


The dielectric material shall have a viscos- 
ity such that it can be used to vacuum-im- 
pregnate electronic component parts such 
as transformers and capacitors. It shall fill 
internal voids in the component, reduce 
corona effects, internal 
ment that may result from vibration, and 
protect the component from effects of ex- 
ternal environment such as moisture, con- 
tamination and oxidation. The material 
shall bond well to and closely match the 
thermal expansion characteristics of the 


minimize move- 


impregnated component. The impregnated 
parts shall have a minimum life of 500 hr 
at 350 C (ambient) and a target life ob- 
jective of 3000 hr at 500 C (ambient). 
Electric strength shall be greater than 
1000 vpm (and preferably not less than 
1500 vpm) at 60 cycles and 500 C. Dielec- 
tric constant at 500 C and 1 me and 
100 me frequencies shall be less than 9.0 
(and preferably not greater than 5.0). 
Dissipation factor at 500 C and 1 me and 
100 me shall be less than 0.9 (and _ prefer- 
ably not greater than 0.07). The sintering 
or curing (including  ex- 
otherm, if any) shall be less than 500 C 
and preferably not greater than 100 C. 
shall be rated as to. its 
ability to withstand neutron radiation at a 
rate of 5000 rads per hr and gamma radia- 
tion at a rate of 2.7 10° roentgens/hr. 


temperature 


The material 
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stable to temperatures of 500 C or above. Various low- 
melting glass systems are being studied, the ultimate 
aim being to induce a thermosetting effect by use of 
addition compounds which undergo a phase change in 
the temperature range of 350 to 500 C and which can 
therefore be used in a low-melting glass to control the 
viscosity. 

Work to date has been aimed at determining melting 
behavior of the low-melting glasses by thermal treatment 
of small buttons of each composition placed on synthetic 
mica sheets. Lead borate, lead silicate, lead oxide-bis- 
muth oxide and thallium oxide-boric oxide binary sys- 
tems were tried. Since the lead borate seemed to be the 
only binary glass of those tested which would actually 
flow at temperatures below 500 C, a series of represent- 
ative compounds (primarily fluorides) was selected to 
be added to lead borate as the third compound for 
fluxing purposes. Addition of ZnF, in varying amounts 
produced glasses which melt and flow below 450 C. 
There were reduction and devitrification effects notice- 
able, particularly with ZnF,, contents of 10 weight per 
cent and below. A composition 69.1 per cent PbO, 10.9 
per cent B.O., 20 per cent ZnF. formed a homogeneous 
green-grey glass of good quality which melted at about 
500 C. Further work in this area of the ternary system 
will be done. 


1. Capacitor Dielectric possible to meet 


The capacitor dielectric shall be non-hy- 
groscopic and neither brittle nor fragile at 


the objective test per- 
formance when the wire is wound into 


armature and field coils of rotating equip- 1 me and 5000 me. The dielectric con- 


Hughes Aircraft Company. The contractor has been 
conducting development work on embedding compounds 
since February 1959. The work is concerned with the 
development of siloxane polymers which contain aro- 
matic or short aliphatic groups in the polymer chain; 
also being developed are copolymers which contain sili- 
con and titanium in the polymer chain. It is believed 
that this approach may result in resistance to higher 
temperatures than is possible with conventional siloxane 
polymers. Curing of the polymers will be studied by 
investigating conventional cross-linking techniques and 
by investigating the addition reaction of a silicon hy- 
dride across the double bond of the vinyl groups which 
will be substituted on the polymer chain. Activated fil- 
lers which will react with the substituent vinyl groups 
of the prepolymer will be used. 


Capacitor Dielectrics 

Two contractors are engaged in capacity development 
work for the Bureau: Clevite Research Center Division 
of Clevite Corporation and the Heavy Military Elec- 
tronics Department of the General Electric Company. 
The work of each is described below. 

Clevite Research Center. The contractor has been con- 
ducting development work for the Bureau since May 
1958. A number of ceramic dielectrics formulated to date 


target objective for the dissipation factor 
is 0.0005 at 500 C between frequencies of 


500 C. For use in a capacitor it shall be 
compatible — with embedding 
compounds, ete., and shall be capable of 
fabrication into the desired shapes and 
sizes. A 0.010 in. thick wafer of the mate- 
rial shall have a life of at least 500 hr at 
350 C and a target life objective of 3000 hr 
at 500 C. During the life test a d-e voltage 
equal to twice the rated voltage shall be 
continuously applied. The rated voltage 
shall be at least 30 vpm. The RC product 
shall be greater than 5 megohm-micro- 
farads and remain so during the life of the 
dielectric. The dielectric constant at 1 me 
frequency shall be at least greater than 15 
(and preferably greater than 50). The 
quality factor (Q) shall be at least 
greater than 1000 at 350 C (and _ prefer- 
ably greater than 1000 at 500 C). The 
change in dielectric constant at 1 me fre- 
quency from 23 C to 500 C shall be not 
more than 15 per cent (and preferably not 
more than 10 per cent). The material shall 
be rated as to its ability to withstand neu- 
tron radiation at a rate of 5000 rads per hr 
and gamma radiation at a rate of 2.7 « 10° 
roentgens/hr. 


electrodes, 


5. Magnet Wire 


The ultrahigh-temperature magnet wire 
shall be designed to operate continuously 
with repeated cycling within the tempera- 
ture range of 75 € to +500 C and in 
environments ranging from sea level to 
altitudes of 130,000 ft in 
with the following design objectives: 

a. The dielectric wall shall be as thin as 


conformance 
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ment, solenoid coils or transformer coils in 
round wire sizes No. 20 to No. 40 AWG. 

b. Dielectric life of 3000 hr at 500 C. 
Interim progress resulting in longer life at 
350 € shall be reported in detail. 

c. Electric strength in excess of 200 
vpm a-c at 500 C. 

d. Dielectric having minimum thickness 
with flexibility and 
such that wire can be wound around a 
mandrel diameter three times that of the 
wire. 

e. Dielectric constant of less than 10 and 
dissipation factor of less than 0.03 at 500 
C and frequencies up to 100 me. 

f. Conductor resistivity not more than 
150 per cent IACS with minimum tem- 
perature change. 

g. Rated as to ability to withstand neu- 
tron radiation of 500 rads/hr and gamma 
radiation of 300,000 roentgens/hr. 


abrasion resistance 


6. Dielectric Material for R-F Co- 


axial Cable 


The dielectric material shall be capable of 
being applied to a stranded wire of 0.012 
in. minimum diam. It shall be capable of 
being applied to a wire in thicknesses of 
at least 0.040 in. It shall have a minimum 
life of 500 hr at 350 C and a target life 
of 3000 hr at 500 C. The electric strength 
shall be at least 500 vpm at 350 C in a 
0.040 in. thickness, with a target objee- 
tive of 1000 vpm at 500 C in a 0.040 in. 
thickness. The dissipation factor shall be 
a maximum of 0.003 at 350 C between the 
frequencies of 1 me and 5000 me. The 


stant shall be a maximum of 4.6 at 350 C 
between the frequencies of 1 me and 
5000 mc. The target objective for the di- 
electric constant is 2.0 at 500 C between 1 
me and 5000 me. The material shall main- 
tain its properties for the specified life, 
shall not be hygroscopic, nor require pro- 
tection from air or moisture. A 0.040 in. 
thickness of the material, when applied to 
a stranded 0.012-in. diam wire, shall be 
capable of being bent 180 deg around a 
mandrel 15 times the diameter of the core. 
The material shall be rated as to its ability 
to withstand neutron radiation at a rate of 
5000 rads per hr and gamma radiation at 
a rate of 2.7 & 10° roentgens/hr. 

Power 


7. Dielectric Materials for 


Cable 


The dielectric material shall be capable 
of being applied to a wire. It shall have a 
minimum life of 500 hr at 350 C and a 
target life of 3000 hr at 500 C. Electric 
strength shall be at least 500 vpm at 350 C 
and at frequencies of 60 and 400 cycles. 
The target electric strength is 850 vpm at 
500 © and at frequencies of 60 and 400 
cycles. A 20-mil thickness of the mate- 
rial when applied to a Number 16 AWG 
wire shall be capable of being bent 180 
deg around a mandrel 15 times the di- 
ameter of the core. The material shall be 
rated as to its ability to withstand neutron 
radiation at a rate of 5000 rads per hr 
and gamma radiation at a rate of 2.7 x 10° 
roentgens/hr. The material shall not be 
hygroscopic or 


require protection from 


moisture or air. 





Table ill-Summary of Elevated-Temperature Characteristics of Four Ceramic Capacitor Dielectrics 


With Substituent Groups‘ 


TCK Dielectric constant (K), 
(ppm /deg C)» 1 mc 


Material 


(coded) 25C -500C 300 C 400 C 


A- —143 29 29 
A- —192 27.7 27 
B- +144 49.9 50.5 
C- +140 | 23 23 


* Bureau of Ships contract with the Clevite Corporation 
» Temperature coefficient of capacitance 


Table 


Without Substituent Groups" 


TCK Dielectric constant (K), 
(ppm /deg C)» 1 mc 


Material 


(coded) | 25C-500C 300 C 400 C 


A 110 28.6 28.6 
B 45.9 
Cc +213 21.6 21.9 


* Bureau of Ships contract with the Clevite Corporation 
» Temperature coefficient of capacitance 


show promise. A brief summary of elevated-temperature 
characteristics of four of these materials is contained in 
Table III. The four materials listed in Table III are 
different from those listed in Table IV in that the ma- 
terials listed in the former contain small percentages of 
substituent groups. 

By comparison of Tables II] and IV it will be seen 
that small percentages of substituent groups significantly 
improved high-temperature electrical characteristics. Va- 
riation in the amount of the substituent groups should 
improve these characteristics still further. Life tests 
have not been performed. Further work being considered 
should prove whether these materials have the required 
life. 

Heavy Military Electronics Department of the Gen- 
eral Electric Company. The contractor was awarded 
a Bureau of Ships contract in March 1959 to develop 
and evaluate certain ternary polycrystalline oxidic com- 
pounds, including the family of complex titanates, zir- 
conates, niobates and tantalates of the general formula 
mAOrnG.O.*pXO. where A, G, and X are cations: O. 
oxygen; and m, n, and p small whole numbers. Repre- 
sentative materi-ls t. be studied are 3SrO°2Ta.O.°ZrO. 
and 3Sr0°2Ta.O,°SnO.. A systematic study will be made 
of the effects of heating schedules, maturing temperatures 
and atmosphere of the firing. 


Radio-Frequency Cable Dielectrics 


Armour Research Foundation has been conducting 
development work for the Bureau since November 1958. 
The purpose of this contract is to develop a dielectric 
which (1) can be applied to a 12-mil stranded wire in a 
thickness of 40 mils, (2) exhibit good life characteristics 
at 500 C, (3) show good dielectric properties at elevated 
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IV—Summary of Elevated-Temperature Characteristics 


54 (approx) 


Quality factor (Q), Resistivity, 
1 mc ohm-meters 


of Ceramic Capacitor Dielectrics 


Quality factor (Q), Resistivity, 
1 mc ohm-meters 


400 C 300 C 400 C 


15 1.4 < 108 2.4 X 10° 
2 (approx) 23 X 16° 10‘ (approx) 
60 ia xe’ i xk ae 


temperatures, (4) be resistant to moisture, and (5) be 
capable of withstanding relatively sharp bends. 

The work to date has been concerned with spray- 
deposited slurries to a thickness of 40 mils on 0.012 
in. diam solid silver wire with flexibility determined by 
winding the coated wire on a 3/16 in. diam mandrel. 

A number of slurry compositions of aluminum and 
mono-aluminum phosphate liquor with and without ad- 
ditions were studied. Silicone, polyvinyl chloride-acetate. 
polyvinyl acetate, and Teflon (TFE fluorocarbon resin) 
additions did not improve coating flexibility. In gen- 
eral, resins weakened the coatings: numerous shrink- 
age cracks appeared with firing at 500 C. The results 
obtained with addition of glycerin and colloidal silica 
were more satisfactory than with phosphoric acid. The 
acid-containing coatings were soft, poorly bonded to the 
wire substrate, and much too weak for winding on the 
mandrel. 

Coatings containing glycerin and those containing col- 
loidal silica were not only adherent but possessed a 
toughness and pliability not found in the ordinary alu- 
mina-aluminum phosphate structure. Modification with 
glycerin or with colloidal silica permits windings of de- 
posits as thick as 0.030 in. As the required 0.040 in. 
thickness is approached, tearing occurs on the outer cir- 
cumference of the bend. 

Preliminary observations were made with phosphate- 
bonded slurries of mica and clay, boron nitride and clay. 
and clay alone. Owing to the high liquid content, the 
mica and boron nitride coatings were relatively soft or 
not sufficiently durable to withstand winding; shrink- 
age cracks were developed as drying continued. 

Preparation of extruded coatings is planned. First 


(Continued on page 194) 
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THIS Is THE SIXTH and final article in our series on 
“Automatic Control System Design.” In total, the 
series has covered 50-odd editorial pages over the last 
six months—a somewhat unprecedented amount to 
be devoted to one subject. We have felt, however, that 
the importance of servo design in engineering today 
and the expert way in which the author has pre- 
sented the material more than warrant the emphasis 
placed on the series. 

We think we have aceomplished our principal goal 
in this series: to present a subject of undeniable 
technical depth in a manner eminently understandable 


to the engineer who is not already an expert in the 
field. In other words, we have presented a practical 
textbook, complete as to theoretical detail, but with- 
out the time-consuming impedimenta of a formal 
course. 

Because we feel our readers will want to own a 
complete set of the series, we are reprinting it as a 
unit and binding it in heavy covers to increase its 
permanence. Copies will be available about October | 
at a cost of $3.00 each. (See page 346 for a full-page 
announcement, prices for quantity orders, and con- 
venient coupon order form.) 
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Design by Root-Locus 


The last of the major techniques used by the servo designer in analyzing system 


performance and solving design problems is presented in this final article of the 


series. More abstract and more sophisticated than other methods, the root-locus 


is also the fastest because of its use of graphical approximations easily made. 


IRA RITOW 

Manager, Theoretical Analysis 
AIRBORNE INSTRUMENTS LABORATORY 
4 Division of Cutler-Hammer, Inc. 


Melville, New York 


THE FIRST TWO ARTICLES in this series presented the 
mathematical tools of control system design—complex 
variables and Laplace transformations. Subsequent ar- 
ticles discussed the transfer function and the system 
equation approaches to the servo designer’s three major 
questions: 


(1) What is the frequency response? 
(2) What is the transient response ? 
(3) Is the system stable? 


The transfer function approach most directly predicted 
the frequency response, the system equation methods 
most directly predicted system stability, and the root- 
locus method, to be discussed in this article, most directly 
predicts transient response. 

Thus this trio of design techniques complement and 
supplement each other. There is no “best” among the 
three and, with effort, any one technique can be extended 
to answer all three major design questions. Without all 
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three, however, the servo designer has an inferior kit of 
analytic tools. 

The root-locus technique of servo design was developed 
by Walter R. Evans and makes more complete use of 
the mathematics of Articles 1 and 2 of this series than do 
the other techniques discussed above. As a result, it is 
a more abstract or sophisticated approach to servo design 
and many engineers rebel against its “unreal” nature. 
Once mastered, however, it is extremely simple to apply 
and so well suited to approximate graphical techniques 
that for most systems it is the fastest method available 
to solve servo design problems. Because the effects of 
individual components in the control system are all 
visible through the root-locus method, it is extremely 
helpful in guiding design changes. 

Throughout this article a linear servo will be assumed 
and, until the last section, the unity feedback case will 
be assumed (B = 1). For clarity in the following dis- 
cussions, poles of the closed-loop response will be called 
and poles in the open-loop transfer function 
will be called “poles.” It will be assumed throughout 
this discussion that the open-loop transfer function of 
the servo is known in the form of a quotient of poly- 
nomials of p. 


“roots” 
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Design by Characteristic Equation Roots. As a 
brief review, a servo with unity feedback is shown in 
Fig. 79a; KC is the transfer function of the block that 
represents the amplifier and motor and 6,, and @, are 
input and output signals, respectively; K represents the 
gain setting of the servo amplifier and thus is a positive 
number that is readily varied in amplitude but does not 
vary with frequency. Since this servo has a forward-loop 
gain of KG and a feedback gain of unity, the feedback 
equation previously developed gives the overall gain 
(closed-loop transfer function) as (Fig. 79b): 


6 KG 7 
: (167) 
Gin 1+ AG 
The system equation in transfer-function form is 
a T KG) @, KG6i, 
and the system characteristic equation 
letting 6, 0) is 


(168) 
(obtained by 
(i + AG)¢é@ (169) 

l T AG = (0) 
A servo can be defined as stable or unstable in several 


ways in terms of Eqs (167) and (169). The transfer- 
function method replaced p by jw wherever it occurred 


A =smoa 
Stable, slow 
transient 


recovery 





A =medium 
Stable, fast 
transient 
recovery 





P pione 
Roots of _ > on 


pire + KG Oo \ 
a A = large 
= 


‘\ 
\ 
‘~ Unstable 








e's 


Fig. 79—Examples illustrating the effect of variation in gain on 
root location and stability. 
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in the denominator of Eq (167) and, if no value of o 
made the denominator zero, even with an allowance for 
effective lowering of the value of K in servo operation, 
the system was declared stable. 

The system-equation approach found the location in 
the p plane of all values of p that satisfied Eq (169) and 
declared the system stable if there were no roots in the 
negative half of the p plane. Variations within the system- 
equation approach differed in whether the actual root 
locations or the area of locations in the p plane were 
calculated. 

Figure 79 (c, d and e) shows how the locations of the 
roots of the characteristic equation vary as K is varied 
in a typical servo. Notice that the servo is unstable if 
there are any roots in the right half of the plane and that, 
the farther the roots are to the left, the faster the servo 
responds to transient inputs. 

As a preview of things to come, the root-locus is a plot 
of how the roots of the characteristic equation (7,, r. 
and r, in Fig. 79) vary as the forward loop gain (K) is 
varied. The root-locus of the servo of Fig. 79 is shown 
in Fig. 80. The most straightforward use of the root- 
locus is to predict transient response and _ stability as 
the servo forward-loop gain is varied. 

Before the root-locus plot is discussed in detail, it is 
appropriate to discuss simple and multiple system roots 
(roots of the characteristic equation) and describe how 
they affect system output response to various transient 
inputs. 

The output of the servo of Fig. 79 in response to a 
transient input is: 


AG 


i+kG" (170) 


where 6;, and 6, are the Laplace transforms of the input 
and output, respectively. By calculating the 
Laplace transform of Eq (170), one obtains the output 
as the sum of a series of exponentials of time, the ex- 
ponents having time constants equal to the reciprocals 
of the location of the roots [poles of KG/(1 + KG) | 
and whose amplitudes equal the residue of the right half 
of Eq (170) at the corresponding root. As an example, 
the servo of Fig. 81 has a forward-loop gain of 


inverse 


6 l 


G 7 
FE ait/e kK (171) 


and a closed-loop gain of 
l 
Ip 


from which 


p 


and if 6;, is a step of amplitude 7, 


(5 + . ‘ ) (|) (p 4 De + 3) (p) 


so that 6, has roots at p —l, p = —3 and p = 0. 
The roots at —1 and —3 are the roots of the character- 
istic equation. As indicated in Fig. 81 the root at p 0 
is due to the step input. 


(174) 


Using the method of residues described in Article 1 
of this series. 


residue (at p —3.5 (175) 
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p plane 


Note: this is not 
a complete 
root-locus plot 


Fig. 80—Elemental root-locus plot. 


leona) 


P plane 


Roots due to 
characteristic 
equation 


Root due to 
step input 


Fig. 81—Example servo with step input. 


1) (-3 


residue (at p 1.17 (176) 


ssidue (i 0 = : 2.3) 7 
residue (at p ) +1) @ 73) $3. (177) 

Inserting the residues of Eqs (175) through (177) 
in the standard exponential form leads to the time 


function: 


output 2.33 e °§ + 1.17 e= S.5e°° (178 
2.33 + 1.17 e-* 3.5e¢ 

This output (Fig. 82) has an initial value of zero, a 
final value of 2.33, and no overshoot. Notice that the part 
of the transient response due to the characteristic equa- 
tion root farthest to the right in the p plane (at p 1) 
has the larger part in determining the transient response. 
This is always the case and is due to two effects. The 
major effect is that the root farthest to the right in the p 
plane decays most slowly, hence has the greatest effect on 
the transient response because it persists longest. The 
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3 a of output due to input step root at p=O 
Output 


5 6 7 
ee +} 


Time,sec = 


9 
,* Ma— Part of output due to root at p=-| 


Amplitude 


Fig. 82—Output of example servo with step input. 
I | I I 


Amplitude in units 


chistes tsinivnneile 
Geoeeeocoee pe -=9 


iniandbigansallesinanastcnmdipedaeennaiieaaamparaalee 
O7/a \la \4/a 21/0 28/0 3.5/a 
Time, sec 


Fig. 83—Diagram illustrating how to draw an exponential curve. 
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Fig. 84—Illustrations of time 
responses due to first- and 
second-order roots. 
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second effect is that the residue of a root is proportional 
to the products of the separate distances from the root 
in question to all other roots.* Thus the roots at the end 
of a group of roots have the largest residues. The root 
farthest to the right carries both advantages and there- 
fore is the main influence in the transient response. 

The occurrence of e@! terms is so common that it is 
very handy to be able to draw this function rapidly. 
Figure 83 shows a rapid approximate construction tech- 
nique. Notice that the initial slope is set by a, the time 
constant, and that at successive 0.7/a intervals of time 
the amplitude is halved. 

A second-order root [such as (p a)*| in the char- 
acteristic equation produces a transient term in the 
instead of as 


output response that decays as te“ 


e“' and may have a larger or smaller effect on the 
transient response depending on the value of a. This can 
be seen in Fig. 84, where the effect of a second-order 
root and a first-order root at various values of a are com- 
pared. It can be seen that, the smaller the value of a, 
the larger the effect on time response of a second-ordet 
root compared to a first-order root. It should be kept 
in mind that the residue at second-order roots is usually 
smaller than the residue at first-order roots so that it 
is difficult to draw general conclusions on the relative 
effect of first- and second-order roots; but, as a rough 
guide, the farther to the right in the p plane, the more 
the effect of high-order roots on the time response. 

Roots of the characteristic equation may occur in 
complex-conjugate pairs. In this case the effect of each 
root is to produce a transient term with a complex coeffi- 
cient, but the pair combines to form a real term | as was 
discussed in the text associated with Eq (14) ]. The cor- 
responding time function is the product of an expon- 
ential and a sinusoid. Figure 85 shows how the frequency 
of the sinusoid term and the time constant of the expon- 
ential vary with the root location. In the case of servos. 
the residues at both roots of a complex-conjugate pair 
are equal in magnitude but may have different signs. 

The frequency, », of Fig. 85 is not equal to the “un- 
damped natural frequency” referred to in the discussion 


or 


on transfer-function analysis except at a 0 in Fig. 85. 
The undamped natural frequency is a function of » and a 
and is used for convenience in Bode diagrams. 

A complex-conjugate pole pair can result in either of 
the time responses shown in Fig. 85 b and c or in a 


* The effect of zeros and second-order roots on res 


Response 


(a) 


Fig. 85—-Time responses due to complex-conjugate roots. 
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combination of the two, depending on the p-plane loca- 
tion of other system roots and zeros. 

In conclusion, the transient performance of a servo 
can be determined from the location of the roots of its 
characteristic equation in the p plane and the values of 
the residues at those roots. In general, the root or roots 
farthest to the right mainly determine the transient re- 
sponse and completely determine the system stability. 
First-order roots on the axis of reals represent time 
exponential decays, second-order roots on the axis of 
reals represent time exponential decays multiplied by / 
and simple roots that occur in complex conjugate pairs 
represent decaying sinusoids of time. 


The Root-Locus Plot. The root-locus plot is intro- 
duced at this point merely to familiarize the reader 
with its appearance and main characteristics. Its con- 
struction and interpretation will be discussed later. The 
root-locus plot is a plot of the loci of the roots of the 
characteristic equation of a servo as the forward-loop 
gain of the servo is varied. 

An example of a root-locus plot is shown in 
for a servo where 

kK 


KG p(p i 2)(p } 1) (179) 


As described previously, the branches of the root-locus 
plot (three in this case) show the location of the roots 
of 6,/0;, for various values of open-loop gain, K. For 
example, it can be seen from Fig. 86 that at A 500, the 


roots of 6, 6;, are at 


and 

8.5 (180) 
The root-locus plot also shows the locations of the poles 
and zeros of KG (the forward-loop transfer function) by 
crosses and zeros, respectively. The root-locus will be 
shown later to be intimately related to the poles and 
zeros of KG. 

Several items of interest are apparent from the root- 
locus plot of Fig. 86. The system is stable if K is less 
than 48 since, if K is greater than 48, there are roots in 
the right half plane. At K 48, the system will oscillate 
at a frequency of 3.9 rad per sec. The system is under- 
damped if K is greater than 3.2 and overdamped if K 
is less than 3.2 because K 3.2 is the maximum value 
of gain before damped oscillations are introduced in the 
system response by a complex-conjugate pair of roots. 
At K 1 the principal time constant in the transient 
response will be e°-!°°', so that the system will recover 
from a transient disturbance with an approximate time 
constant of 1/0.155 of 6.5 sec. 





Respc nse 
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Values of K 


O= Location of zeros of AG 
N%=Location of poles of KG 


Fig. 86—Root-locus plot of KG 
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p plane 
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roots are at 
~ 0.155, -1.7,-4.14 
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Feedback-Equation Relationships. In Fig. 86 it 
is apparent that the root-loci start at the poles and end 
at the zeros of the open-loop transfer function. To under- 
stand this basic relationship it is necessary to examine 
the feedback equation. 

From this point on, KG will be broken into components 
as follows: 


ae ek 
KG =K D (181) 


where N and D are both polynomials in p such that the 
coefficient of the highest power of p is unity. For 
example, if 
ea 12p? + 36p + 24 
KG =Q 2 
, * 3p? + 18p + 75p (182) 
where Q is a gain adjustment in the servo, this can be 
reduced to 
10 (p? + 3p + 2) 


KG 
: p® + 6p? + 25 p 


(183) 


so that 
K = 40 
N=p?+3p+2 
D = p® + 6p? + 25p (184) 
The purpose of dividing the forward-loop transfer 
function into a gain term, K, and separate numerator 
and denominator terms that are functions of p is to 
simplify constructions to come. For example, it can be 
seen that the above manipulations lead the way to fac- 
toring N and D into the product of terms of the form 
(p + a) so that in the case of Eq (184) 
N = p?+3p+2=(pt+)D(pt+2) (185) 
and 
D = p? + 6p? + 25p = (p — 0) (p+ 3 + j4)(p + 3 — JA) 
To return to the servo of Fig. 79a, 
_N 
KG K D KN 


KG t K(N/D) ~ D+ KN (186) 


so that: 


1. The zeros of 6,/6;, occur at values of p that cause 
zeros of N. 


2. The roots of @,/6;, occur at those values of p for 
which 


D+ KN = (187) 


VD 1/A (187b) 

Equation (187b) is the equation that determines all 

points on the root-locus plot. In other words, any value 

of p that satisfies Eq (187b) is a point on the root-locus 
plot. 


Basic Construction of the Root-Locus Plot. Points 
on the root-locus plot can be found quickly by recog- 
nizing that Eq (187b) implies a simple angle relation- 
ship. If Eq (187b) is rewritten as 

(p n)(p no)(p M3)... 1 


(p —d)(p — d)... hk (188) 


and it is kept in mind that K and 1/K are real numbers, 
it is apparent that the left side of Eq (188) is the prod- 
uct and quotient of complex numbers and that, if these 
complex numbers [such as (p n,)] are thought of 


as having angles and magnitudes, then the sum of the 
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n.), etc., minus the sum of the 
angles of (p d,), (p d,), 
(the angle of a negative real number). Furthermore, if 
the above angle relationship is satisfied by a value of p. 
then that value of p lies on a root-locus at some (as yet 
undetermined) value of K. 


angles of (p ny), (p 
etc., must equal 180 deg 


Figure 87a shows how a directed line from n, to a 
the magnitude and angle of 
(p, n,). The length of the left (p, n,) side and 
the angle C, 


point p, can represent 


equal, respectively, the magnitude and angle 
of the complex number (p, n,). Figure 87b shows a 


test to see if a point p, is on a root-locus if 


N (Pp m)(p nN») 
D (pri d)(p~r — d2)(p, d;) 
Notice that any points on the p plane that are values 
of p that make A 
are zeros of the open-loop transfer function and are 
marked “OQ”. Similarly, any points on the p plane that 
are values of p that make D 0 (zeros of D such as 
d,, d., d,) are poles of the open-loop transfer function 
and are marked “X”. These notations are standard in 
root-locus plots. By checking Fig. 87b with Eqs (189) 


G (189) 


0 (zeros of N such as n,. nz, etc.) 


and (187b), it can be seen that p, is on a root-locus 
if—and only if 


CG, + CG, ( ( ( 180 deg* 


(190) 
If p, is on a root-locus, the value of K that corresponds 


to p, can be found from the magnitude interpretation of 
Eq (187b). 


l (pi — m) (p ne) 


191 
kK (~ — di) Gri — de) (py d,) ( ) 


to deg, where a is any integer 


P plane 


a3 2 a, 


Fig. 87—Test using angles to determine whether or not a point 
is on a root-locus, 
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(rr — di) (pi — dz) Gr = ds) 
(pi — m) (pi — ne) 


< 


As an example of how to construct a root-locus, Fig. 88 
shows the steps necessary to find a point on the root-locus 
of Eq (183). First, the open-loop poles and zeros are 
plotted as X’s and 0's, respectively; then dashed lines 
are drawn from the poles and zeros to the possible point 
on a root-locus, p,. The angles indicated are measured 
by protractor with the results shown. Combining the 
angles yields 

90 + 117 —297 —135 305 +55 (192) 
Since +55 deg does not equal 180 deg, point p, is not 
on a root-locus. As an exercise the reader is invited to 


oO) as 


check by angles to show that point p. (at p 
on a root-locus. 

To find the value of K that corresponds to p., the 
distances from p. to the zeros are multiplied together 
and then divided by the product of the distances from 
the poles. Thus 


3—(—2)] [-3-(-D] fo. 
+ y4)] 3—(-—3-—,4)] |-: 24 


. i 
citi 3 (193) 


kK 24 
So 

Q = K/4 = 24/4 = 6 (194) 
Therefore, point p. is on a root-locus and corresponds 
to a gain, A, of 24, which can be achieved in the servo 
by setting the gain adjustment, Q, at 6. 

The above method is a rather cumbersome cut-and-try 

routine. It can be speeded up by the short-cuts described 
below.* 


Short-Cuts to Determining Root-Locus Shape. 
Although the root-locus technique would be valuable 
without them, the following short-cuts lend practicality 
to the technique. For brevity from this point on, “zero” 
and “pole” will refer to open-loop transfer function zeros 
and poles, respectively, and “root” will be used to refer 
to poles in the overall (closed-loop) transfer function; K 
will be the open-loop gain as before. 

e Poles and zeros are either real or occur in complex- 
conjugate pairs. This can be seen in Figs. 86, 87 and 88. 
The transfer function of a realizable system is always 
such that both N (numerator of G) and D (denominator 
of G) have real-number coefficients in each term. As was 
discussed in the section on characteristic equation roots, 
a polynominal in p with real coefficients has real roots 
and/or complex-conjugate root pairs. 

e Root-locus plots are symmetrical about the real axis. 
This can be seen in Figs. 80 and 86 and is due to the fact 
that the poles and zeros that determine the loci are 
either on the real axis or are complex conjugates that are 
equi-spaced from the real axis. 

e There is a root-locus on the real axis to the left of 
an odd number of poles and zeros. (In this case do not 
count complex-root pairs since they contribute a total of 
zero degrees to points on the real axis.) Below each pole 
or zero in Fig. 89 are marked the angles in degrees to 
point a or point b in order to check on whether or not 
a root-locus passes through these points. Notice that 
*Another aid to drawing the root-locus is a_ plastic device that quickly 
measures and adds angles and measures and multiplies or divides lengths. This 


plastic aid is called a “‘Spirule’’ and is available from the Spirule Company, 
9728 El Venado, Whittier, California, 
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either a pole or zero to the left of a point on the real axis 
adds 0 deg to the angle sum, but zeros or poles to the 
right of a point on the real axis change the angle sum 
by 180 deg each. Parts of the real axis that contain root 
loci are darkened. The locus that runs off the figure at 
the left ends in a zero at infinity. 

Loci that connect two poles or two zeros together are 
actually two parts of separate loci that break away 
from the axis at some point. An example of this break- 
away is seen in Fig. 86 at p = 0.8. Figure 86a, b and 
c show alternate ways that the breakaway may occur. 

All root-loci start at open-loop poles. A more com- 
plete statement of this is: at values of K approaching 
zero, the root-loci approach poles of G. This can be seen 
from the fact that all points on the root-locus are values 
of p for which 


“D 


G l/A (195) 


so that, as K approaches zero, G must become infinite 


in magnitude and this happens at poles of G. In Fig. 86, 
all three root loci start at X (poles of G). 

All root-loci end at open-loop zeros. At values of K 
approaching infinity, the root-loci approach zeros of G. 
In this case Eq (195) indicates that, as K becomes in- 
finite, G must become zero, so that root-loci end at zeros 
of G. Reference to Fig. 86 shows this fact and indicates 
zeros at infinity. These will be discussed in the next 
paragraph. As a memory aid: 
down-hill in a land of poles and zeros would start his 


a child on a sled going 


slide (root-locus) at a pole and end at a zero. 

e The number of loci in a root-locus plot equals the 
number of poles of G if N is a polynominal in p of lesser 
order than D. (The latter is the usual case in servos.) 
The statement that the loci start at poles and end at 
zeros implies that there are an equal number of poles 
and zeros of G. This is the case if zeros of G are assumed 
at infinity to make the count of poles vs zeros come out 
even. This is a valid and useful assumption. (It is based 
on the peculiarity that every simple factor in N or D 
provides both a pole and a zero and some of these, partic- 
ularly those at zero and infinity, are replicates.) A look 
at Fig. 86 shows that three zeros were assumed at infinity 
to even the count of poles and zeros. 

In the counting of poles and zeros, multiple poles or 
zeros are counted a number of times equal to their order. 
To illustrate, if G were given by: 


(p + 2)¢p + 4) 


196 
P(p + 5)(p —_ 


there would be a second-order zero at p 2, a simple 
0, a first-order 


5. and a second-order pole at p a 


zero at p 1, a third-order pole at p 
pole at p 
Since N is of degree 3 in p and D is of degree 6 in p, 
3 zeros at infinity distance from the 
origin upon which root-loci terminate. 


there are 6—3 


e The zeros at infinity are evenly spaced around a 
circle of infinite radius and are approached by the root- 
loci via asymptotes that originate at the center of gravity 
of the finite poles and zeros. Figure 90 shows how the 
location of the zeros at infinity can be determined using 
the expression for G given in Eq (196). 
the angle from all the 


If p; is one of 
the open-loop zeros at infinity, 
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p plane 


Fig. 88—Example of test shown in Fig. 87. 
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360° 360° 360° 360° 360° 180° 


Fig. 89—Angles from poles and zeros to points on the axis to 
determine whether or not a root-locus passes through the points. 
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Fig. 90—Example showing how to determine the location of a 
zero at infinity, 
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poles and zeros to p, is the same, f. The algebraic sum 
of these angles equals 180 deg if p, is a point on the 
root-locus and, as stated before, each zero is a terminus 
of a root locus. Adding the angles to p, from left to 
right and reversing the signs for poles gives 


—>=_——_—> —— asymptotes 


root-locus 


Fig. 91—Asymptotes of the root-locus shown in Fig. 86. 


ee 


Fig. 92—Geometry of asymptotes for various numbers (m) of 
zerus ul infinity. 
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Sf +f —2f +2f —3f = —3f = 180 + n 360 deg (197) 
where n is any integer number. The result of solving Eq 
(197) is that the three zeros at infinity are at angles of 
+60, —60 and 180 deg. 

The asymptotes that the root-loci approach in their 
trek to the zeros at infinity all intersect at the center of 
gravity of the finite poles and zeros. The location of this 
center of gravity is given by 

ni (d, +d.4+4,+...) —-QMMtnat... (198) 
m 
where p, is the location of the intersection of asymptotes 
in the p plane; d,, d., etc., are coordinates of the finite 
poles of G; n,, nz, etc., are coordinates of the finite zeros 
of G; and m is the number of zeros at infinity. 

As an example of asymptote intersection, Eq (198) 
gives the intersection of the asymptotes of the root-locus 
of Fig. 86 as 


Pr tan Te (199) 


Figure 91 shows the root-locus of Fig. 86 with the asymp- 
totes dotted in. Figure 92 shows the geometry of asymp- 
totes for cases of m ltom 6 zeros at infinity. 

As another example, if a servo has open-loop poles at 
0, —4, —4, (—2 + j3), (—2, —j3) and a single open- 
loop zero at —6, there would be four zeros at infinity 
and the asymptotes would intersect at 


_ (—4 —4 —2 +)3 -—2 —j3) — (-6) 


pa = 4 = —1.5 (200) 


e At a breakaway point the algebraic average of the 
reciprocal distances to the poles and zeros is zero. A 
breakaway is the point at which two root-loci meet and 
veer off in separate directions at right angles to the 
real axis. Examples occur at p 1.9 in Fig. 80 and 


Fig. 93—Distances used in determining the location of a break- 
away point. 


7-B- A/S 
p= 7-2/5 
(All angles are in radians) 


Fig. 94—Trigonometric relationships in very small triangles. 
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Pp plane 


Breakaway 
point 


Fig. 95 


at == 0.8 in Fig. 86. A breakaway point is also 
called a saddle point because the root-loci at a break- 
away point form a pattern similar to the pattern of 
elevation contours in the region of a saddle between 
two hills. The section of the real axis that includes point 
a in Fig. 89 must contain a breakaway point. 

As a root-locus breaks away from the real axis it 
still must make an algebraic total angle of 180 deg 
from the poles and zeros and this quality permits the 
development of a relatively simple method of finding 
breakaway locations. Figure 93 shows the situation 
for a point, p., on a root-locus a short distance away 
from the real axis near a breakaway point. All the 
angles to the point from poles and zeros are either nearly 
zero or nearly 180 deg. For such cases, the angles in 
radians are as shown in Fig. 94. Notice that, for small 
angles, the angle equals its tangent if the angle is written 
in radians. Referring back to Fig. 93, the distances from 
the poles and zeros to the breakaway point are indicated 
by S,, S., etc. Subtracting the sum of the angles from 
the poles from the sum of the angles from the zeros 
in Fig. 93 and equating this combination to 7 (180 deg 
in radians) gives 


tn ~ Ca + On + bed (201) 


(202) 


which reduces to 


c-x-d (203) 
The above shows that, at a breakaway point, the sum 
of the reciprocals of the distances from the poles and 
zeros is zero if the terms corresponding to poles and 
zeros to the right of the breakaway point have their 
signs reversed and if all pole terms suffer an additional 
sign reversal. The cancellation of the 7 terms in Eq 
(203) always occurs because breakaway points always 
appear to the left of an odd number of poles or zeros. 

In the calculation of breakaway-point location, mul- 
tiple poles or zeros are assumed to be two or more (a 
number equal to their order) individual poles or zeros 
at the same point contributing to the reciprocal sum 
independently. The actual solution of a reciprocal sum 
equation such as Eq (203) is by trial and error. An 
example will follow. 

The calculation of the breakaway point is not af- 
fected by zeros at infinity because, as can be seen in 
Fig. 92, such zeros either lie on the real axis at the left 
and contribute zero angle or are arranged in complex- 
conjugate pairs so that the sum of their angles to the 
area of finite poles and zeros equals zero. 
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Determining the effect of complex-conjugate pairs on the location of a breakaway point. 


p plane 


Fig. 96 
location. 


Example illustrating how to determine breakaway-point 


Finite poles or zeros that occur in complex-conjugate 
pairs, such as the poles shown in Fig. 95a, also con- 
tribute reciprocal distances to the calculation of break- 
away-point location. Figure 95b shows a crude approxi- 
mation of the effect of the complex-conjugate pair. This 
approximation assumes that both poles are on the real 
axis at their actual abscissas. A more accurate approxi- 
mation is shown in Fig. 95c, where the poles are assumed 
to be dropped to the real axis and moved away from 
the breakaway point by a factor of (S* + t°) /S*. This 
refinement reduces the angle contribution of the pole 
pair to the sum of angles. 

In Fig. 96a the part of the real axis between —5 and 

9 will contain root-loci because it is to the left of an 
odd number of poles and zeros. Since this stretch lies 
between two zeros, it will contain a breakaway point, 
probably around p 7. Figure 96b shows the basis 
of the breakaway-location calculation. Applying the 
formula for adding distances described above 

2 I 


— » 
5 S, 0 (2014) 


The S, term is doubly negative because it is (1) con- 
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tributed by a pole and (2) lies to the right of the break- 
away point. The factor of two appears in the first term 
because the pole is a double, or second-order pole. To 
simplify, the value of (S* + 1°) /S* can be approximated 
by assuming that the breakaway point is near —7. In 
that case, 


(205) 


Equation (204) can now be rewritten 


2 I l 2 


> b) (25/9) 


4 » 
ci os 513 Ge 0 (206) 


Solving Eq (206) by trial and error yields 


b 6.54 


(207) 


|For a more accurate answer, b 6.54 would now 


be used instead of b 7 in estimating (S* + £) /S 
and the process would be repeated. | 

e The angle of arrival or departure of a root-locus 
from a zero (pole) is 180 deg plus the algebraic sum 
of the angles from all other poles and zeros if the sign 
of the angles from zeros (poles ) is considered negative. 
To prove this statement: if the black dot near the pole 
at p, in Fig. 97 is a point on a root-locus. the angles in- 
dicated must satisfy the relationship 


(6. + @;) (0; + 0, + 04) 180 (208) 
(8. + @;) (0 #,) — 180 
180 + (6 + 0;) — (0; + 0;) 

If the black dot is assumed to be a point on the root 
locus a short distance away from the pole at p,, then 6, 
becomes the angle at which the root-locus departs from 
p, and the angles can be measured to p,. Figure 98a 
shows the angles involved in calculating the angle of 
arrival at the zero marked Y. The calculation is 

5 4+ 135 


6316 deg 


15314 — 90 (209) 


Fig. 97—Construction for determining angle of departure. 
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In the case of calculating the departure of the root- 
in Fig. 98b, 

6y = 180 + 225 + 135 — 180 — 180 

= 180 deg 

The results are plotted in Fig. 98c. If one of the poles 
or zeros were of multiple order, it would have been 
treated as several poles or zeros at the same location. 
they can be ignored 


locus from pole } 


(210) 


If there are any zeros at infinity, 
in the calculation of arrival and departure angles since 
lines from such zeros to a point near the origin form 
a symmetrical set that has no net angle contribution. 

Short-Cuts to Determining Gain Values on the 
Root-Locus Plot. After the root-locus is drawn, it is 
necessary to indicate the values of K that correspond 
to particular sets of roots. The basic method used to 
determine the value of K at a point on the plot is to 
divide the product of the distances from the point to the 
finite poles by the product of the distances from the 
point to the finite zeros. For some root-loci this is the 
easiest method, but for many others the three short-cuts 
that follow save time. These short-cuts are all based on 
the fact that, for all points on the root-locus plot, 


D+ KN 0 

Routh’s criterion can be used to find the values of 
p and K at which root-loci cross the imaginary axis in 
the p plane. By using the criterion to find the location 
on the p plane of the roots of D + KN = 0, the value 
of K that makes roots of D + KN = O appear on the 
imaginary axis will be indicated since the imaginary 
axis is the boundary between stability and instability. 
An example is helpful to explain this. Using the trans- 
fer function of the servo of Fig. 86, 


\ l 


G= 
K Kp =K pip+2)(p+ 


(211) 
and 

D+ KN Pip +2) p+4)+h (212) 
so that all points on the root-locus have values of K 
and coordinates in p such that 


P(p+2(p+)+h 


(213) 
Applying Routh’s criterion to Eq (213) [see Eqs (119) 
through (124)] yields this array: 


p> + 6p? + 8p + kK 0 


Ignore the column of descending powers of p along the 
side of the array for the moment. The symbol K is a posi- 
tive real number. The array shows that all values of p 
that are roots of the equation lie in the left-hand plane 
unless the term in the third row is negative. By setting 
this term equal to zero, the value of K as the root-locus 
crosses the imaginary axis is obtained.* In this example 
the first column consists of numbers of the same sign if 


A is less than 48. At K 


18, the third-row term reverses 


*In general, the value of K at which a root lies on the imaginary axis will 
make an entire row in the array equal to zero 
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Fig. 98—Example of calculation of arrival and departure angles. 


sign so that roots with positive real parts are expected. 
Therefore, K = 48 is the gain value when the imaginary 
axis is crossed by the root-locus. To find the value of p 
that corresponds to this gain, a short-cut using what is 
called the “auxiliary equation” is helpful. This consists 
in writing the part of the equation indicated by the row 
which is above the row which became zero in the fore- 
going solution for K. In this case the second row is used 
and is rewritten as if it were an equation by itself: 

6p? + K =0 (215) 
The left-hand column in Eq (214) indicates the power 
of p to use for the first term, and the following terms are 
reduced by two powers of p for each term. Solving Eq 
(215) for the K = 48 case yields: 


6p? + 48 = 0 
p = +j2.83 


(216) 


(As a point of caution, the auxiliary equation must have 
only even powers of p or the method is invalid.) In con- 
clusion, the root-locus of Eq (211) crosses the imaginary 
axis at p = + 2.83 and p j2.83 and has a K-value 
of 48 at those points. This is as indicated previously in 
Fig. 86. 

Another method that can be used to solve for value 
of p and K where the root-locus crosses the imaginary 
axis is to substitute a pure imaginary number for p in 
Eq (213), since p must be a pure imaginary number on 
the imaginary axis. If the substitution p 
the result is 


jb is made, 


je —6b? + 8jb + K =0 (217) 
For both sides of a complex equation to be equal, the 
reals and imaginaries on opposite sides must be equal, or 


6b? = K (218) 


and 


b* + 8b 0 (219) 
Solving these equations by trial and error, by graphing 
each and looking for their intersection, or by algebraic 
manipulation yields: 
18 (220) 
and 
b +2 83 
One of the easiest methods for determining the gain at 
various points on the root-locus is to calculate the gain 
for any loci that lie along the real axis and then use the 
fact that all root-loci are related by the basic equation 
D+ KN 


on the other root-loci. 


0 to find the gain at corresponding points 


Figure 99 shows a plot with four loci that start at poles 
Pi. Ps, Pp, and py. To find values of K on the loci, K is 
first calculated for a point on the real axis, say, r;. As 


BEPTEMBEK 1y5y 


p plane p plane 


180 


p plane 


ig. 99—Roots on a root-locus plot for a single value of K. 


Pp plane 


pip+2)\o+4) 


. 100—-Example of gain determination. 


described previously in Eq (191), the value of K at r, 
in this case is given by: 


A (rn — pCi — p(n — pdr — pd) (221) 
The reason for selecting a point on the real axis is that, 
because of the symmetry of root-locus plots, fewer dis- 
stances need be measured in calculating K than if it were 
not on the real axis. Any point on the locus can be used 
as a start if the designer so desires. 

The next step is to find points r., r, and r,, which have 
the same value of K as r,;. At any finite value of K there 
is a point on each root-locus for which the left side of 
Eq (187) is equal to zero, If the coordinates of these 
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points for a particular value of K are r,, ro, 7 


then Eq (187) can be written in the form 
(p—n)(p—r)(p—rs) ...(p—tn) = 9 

where r,, re, etc. are complex numbers and there are n 

root-loci. If Eq (222) is written in expanded form, it 


180° 
Zero atp=-2 





becomes: 
p™ + Ap™! + Bpt? +...+ Up?+ Vp+W 0 (223) 
where 
(224) 
and p plane 
W = (—n)(—r)(—Fs) . . . (— Pn) 225) 
Thus, at any value of K, if Eq (187) is written in the 
form of Eq (223) with the coefficient of the p” term equal 
to one, then the coefficient to the p"! term is equal to the 
sum of the negatives of the root locations and the constant 
term is equal to the product of the negatives of the root 
locations. 
As an example, Fig. 100 shows the root-locus plot for 
the servo of Fig. 86 redrawn with one set of roots indi- 
cated. The forward loop gain is: 
kK p plane 


AG 226 
pp + 2p +4) ) 


As a start, r, will be chosen at p & on the real axis 
and K will be calculated. The distances to the finite poles 
Phase-angle loci 
p+2 pt2 


are 
mh = 4: p: = 6:p, =8 (227) - 
There are no finite zeros, so K at r, is given by: 
K=4x6x8 192 (228) 
To calculate the location of the other roots for which Fig. 101—Phase-angle loci for (p + 2 
K 192, KN 4+- D is calculated. 
KN+D K + p(p + 2)(p + A) (229) 


p* + 6p" + Bp 4 230)) with their signs changed remains constant. This is the 


case whenever the number of finite poles is two or more 
greater than the number of finite zeros. 

Changing the Root-Locus. Often the designer wishes 
to add devices in series with the amplifier to change the 
performance of the servo. In the transfer-function ap- 

from which proach to servo design this process was thought of as 
adding or subtracting phase or amplitude to the Bode 

Therefore 

a I 
From Fig. 100, r. | jb and r jb. From Eq 
(225), 

uu 192 (—r,)(—re)( —rs) (232) 

(+8) (—a —yb) (—a 


from which 


and 
b= /23 =4.8 

These calculations show that at r, & K 192 and 
at these values r. = 1 + j4.8 and r ] j4.8. A 
repetition of this process will determine as many values 
of K as may be desired. 

Notice in Eq (230) that the p® coefficient’ (which 
equals the sum of the roots with their signs changed) is 
not a function of K. This means that as some of the loci 
go left, others must go right so that the sum of the roots Fig. 102—Phase-angle loci for (p + 2)/p(p + 4). 
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plot at a particular range of frequencies. In the root-locus 
method, compensating networks are thought of as adding 
or cancelling open-loop poles or zeros in the root-locus 
plot. In order to understand design by root-locus, there- 
fore, it is necessary to understand what are the effects of 
adding poles and zeros to a root-locus plot. 

Since a point is on a root-locus plot if the angles from 
the zeros to the point minus the angles from the poles to 
the point are 180 deg, a root-locus could be plotted as 
shown in Fig. 101. Figure 10la shows the angle from a 
zero at p —= —2 to any point in the p plane. Figure 101b 
shows minus the angle from a pole at p = 0 to any point 
in the p plane. Adding Fig. 10la to Fig. 101b produces 
Fig. 10lc, which is a plot of the angle from the zero 
minus the angle from the pole. Figure 10lc is called a 
“phase-angle loci plot.” For any point on the heavy 
dashed line, which is the root-locus plot of G (p + 
2)/p, the angle from the zero added to minus the angle 
from the pole equals 180 deg. Thus, the root-locus plot 
is a special case of the phase-angle loci. Phase-angle loci 
can be plotted for any servo by drawing the phase-angle 
loci for each zero and pole and adding them. Points 
where the phase-angle loci add up to 180 are points on 
the root-locus plot. 

As a start toward design by manipulation of poles and 
zeros, Fig. 102 shows the result of adding a pole at p 

1 to the pole and zero of Fig. 101c. Notice that there 
are now two loci to the root-locus. It is also apparent that 
the shape and arrangement of the phase loci are com- 
pletely changed by the addition of the pole at p = —4. 
Changes of the root-locus due to pole and zero additions 
will now be discussed in detail. 

The addition of finite poles and zeros affects the shape 
of a root-locus plot. Figure 103a shows a root-locus plot 
(heavy dashed lines) for a servo with three finite poles. 
Drawn in also are the phase-angle loci for phase angles 
near the vertical part of the root-locus. Figure 103b 
shows the effect of adding a zero at a long distance from 
the origin. Because the zero added a positive-angle com- 
ponent above the axis, the part of the phase locus above 
the axis moved into what was previously a negative-angle 
region. Thus the shape of the vertical root-locus changed. 

In general, the effect of adding a zero (pole) is to 
bend the root-locus toward a more negative (positive) 
branch of its phase-angle loci for parts of the root-locus 
above the zero (pole) location and to bend the root-locus 
toward a more positive (negative) branch of its phase- 
angle loci for parts of the root-locus below the zero 
(pole) .* 

The number of zeros at infinity was reduced by one in 
Fig. 103(b) by the addition of a finite zero. This is be- 
cause the number of zeros at infinity is equal to the 
number of finite poles minus the number of finite zeros. 
In general, adding zeros (poles) decreases (increases) 
the number of zeros at infinity. The number of root-loci 
was increased by adding a pole in going from Fig. 101c 
to Fig. 102, but was unchanged by adding a zero in going 
from Fig. 103a to 103b. This is because the number of 
loci equals the number of finite poles; so, in general, 
adding finite poles increases the number of root-loci but 
adding finite zeros does not. 

Since the gain, K, at any point on a root-locus is the 
product of the distances to finite poles divided by the 


* This and other statements to follow in this section assume the convention that 
angles from a zero in the first two quadrants are positive. Some texts use a 
negative of this convention, and this will reverse the sign sense of such statements. 
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Fig. 103—Effect on a root-locus plot 
of adding a zero. 


Fig. 104—Effect on a_ root-locus 
plot of adding a dipole. 
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product of the distances to finite zeros, the effect on gain 
of adding a pole or zero depends on its distance from 
the point on the locus in question after the locus had been 
reshaped by the additional pole or zero. In Fig. 103b, for 
example, a finite zero is added farther than unit distance 
from r,. so that the value of A at r, after the zero was 
added is much less than it was before the zero was added. 
In general, the effect of a zero (pole) closer to a point on 
a root-locus than unity is to raise (lower) A at that point 
and the effect of a zero (pole) farther from a point on a 
root-locus than unity distance is to lower (raise) A at 
that point. 

The addition of a pole and a zero close together (some- 
times called a dipole) affects only those parts of the root- 
locus plot very close to the dipole. This can be seen by 
examining the phase-angle loci of a dipole as shown in 
Fig. 10le. In any direction at a distance away from the 
center of the dipole of three times the dipole length 
(separation between the pole and zero) the phase con- 
tribution of the dipole is less than 30 deg. Along the real 
axis there is no phase shift at all to the left of the zero 
and to the right of the pole. The effect of a dipole on AK 
depends on the relative distance between the pole and 
zero of the dipole and the distance from the dipole to 
the root-locus. A dipole can be used to increase or de- 
crease K without causing appreciable root-locus distor- 
tion by taking advantage of the fact that the influence is 
maximum where the phase-angle loci angles are minimum 
(Fig. 104). It is apparent in Fig. 104a, however, that at 
A, there are two roots with positive real parts and the 
system is unstable. Adding the dipole as shown in Fig. 
104b causes the servo to become stable at A,. and the 
vertical branch of the root-locus is almost unchanged. 
Notice that A, has moved to the left on the branch of the 
root-locus that starts at p, and that a new root-locus has 
been generated within the dipole. 

If the spacing between the pole and zero of a dipole is 
reduced to nothing, the dipole has no effect on the root- 
locus plot. In fact. an unwanted pole (zero) can be can- 
celled by superimposing a zero (pole) on it. 

The effect of adding a pair of complex-conjugate poles 
or zeros to a root-locus can be appreciated by examining 
Fig. 105, which shows the phase-angle loci associated 
with a pair of poles. At any appreciable distance away 
from the pair of poles. they appear as a double pole on 
the real axis and this fact can be used in converting 
multiple poles into several equivalent single poles as a 
calculation aid, as has been done in previous sections. 
The addition of a complex-pole pair increases the number 
of loci by two and the number of zeros at infinity by two. 
Adding a complex-zero pair has converse effects. A com- 
plex-pole (zero) pair insures the existence of complex 
roots at low (high) values of K and a complex-pole pair 
introduces the oscillations in the transient response that 
accompany such complex pairs. 

A Servo Design Example. The same servo used 
as a design example in the article on transfer-function 
analysis will now be used to demonstrate the techniques 
of root-locus construction. Figure 106a shows the form 
i Symbol Q is the 


ms 
of the problem servo. (See Fig. 55). 


166 


variable gain. Figure 106b shows the servo after it is 
converted to an equivalent unity-feedback servo using a 
conversion which will be explained later. Figure 106c 
shows the block diagram redrawn in standard root-locus 
form. In this case, for 6’,/@in; 


68000 
P(p + 20)(p + 1.26) 
\ I 
K = 68000 
D p(p + 20)(p 1.26) 


The root-locus will now be drawn for the servo of Fig. 


KG = (233) 


p* + 21.26p? + 25.2p 


106c. To facilitate reviewing those steps that are not clear 
to the reader, parenthetical references to preceding equa- 
tions will be made at each step. 

The finite poles and zeros of the servo are shown in 
Fig. 107a. In this case there are three finite poles. at p 
(0, .26 and —20, and there are no finite zeros. 

Since there are root-loci to the left of an odd number 
of poles or zeros, the loci start as shown in Fig. 107b. 
Since the root-loci end on zeros, there will be three zeros 
equally spaced at infinity [see Fig. 92 and Eq (197) ]. 
These zeros will lie on asymptotes that intersect at 


-20 —0 —1.26 a 
Pr : 7.07 (2314) 
3 
[See Eq (198).] The asymptotes are shown dashed in 
Fig. 107c. The breakaway point between p 
1.26 is located at b (Fig. 108a) where 


0 and p = 


l l l 
0 —b 6+ 1.26 b+ 20 


(235) 
or b 0.62 (approximately). [See Eqs (201) to 
(203).] 

To find the locations of the crossings of the imaginary 
axis and the value of K at those points, D + KN is cal- 
culated using the values of Eq (233): 

D KN Pp (236) 
Next, Routh’s array is constructed [see Eqs (212) to 


(214) ]: 


= @& 


21.26p? + 25.2p 68000 


l 25.2 
21.26 68000 
29.2 3200 

68000 (237) 
The crossover of the imaginary axis is at a gain value of 


9= 9 


—) me 


0 
: 320 


0.079 (238) 
kK 68000 
and a p value given by solving 


21.26p? + 68000 = 0 (239) 


/ 68000 
“JY 21.26 


_ | 6800 & 0.079 
SY 21.26 


These values are plotted in Fig. 108b. 
} e 


+ 75.03 (249) 


The root-locus can now be roughly sketched as shown 
in Fig. 108c. Other points could be calculated but are not 
needed because the following data can be seen at a glance: 

1. The servo will always have at least one root to the 
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135 0 270 @ 6800 O 
p(0.05 pti) (0.79 p+!) p(0.05 p+) (0.79 p+ |) pP( p+20)(p+126) 


(a) 


Fig. 106—Block diagram of servo used in example. 


p plane 











Fig. 105—Phase-angle loci of a pair of complex-conjugate poles. 
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Q=0.079 
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+ /\O 





Fig. 107—Development of root-locus 
for servo in Fig. 106. Fig. 108—Continuation of development of example root-locus. 
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right of p 0.62. so that its significant time constant 
is greater than 1/0.62, or 1.6 sec. 

2. At a gain, Q, of 0.079 or greater the servo will be 
unstable. 

3. At a gain, Q, of 0.079 the servo will oscillate at 5.03 
rad per sec. This agrees with the results of the transfer- 
function analysis shown in Fig. 56, which indicated a 
180-deg open-loop phase shift at about 5 rad per sec and 
261% db, which 


a corresponding total magnitude of 
means that oscillations of 5 rad per sec could be induced 
at a total loop gain of +-2614 db or about 21.5. By com- 
paring Fig. 55b with Fig. 106b, this gain value of 21.5 
would be achieved at Q 21.5/270 0.08, which 


checks with the root-locus results. 





-locus redesign 


6800 @ 
pip+20) (pr4) 


6800 @ 
pip +20) (pti26) 





Transfer function redesign 


Fig. 109—Comparison of two redesigns of problem servo. 


P plane 


Fig. 110—Root-locus plot of redesigned servo. 


168 


The servo design problem as originally stated called 
for a frequency response flat to 14% cps. This implies a 
step-response transient rise time from 10 to 90 per cent 
of final value of about 


Tr = 8 = 1.35 sec (241) 
[See Eq (88) and Fig. 61.] The significant time constant 
would have to be less than Tz in order to meet this re- 
quirement, which would mean that all roots would have 
to be farther to the left than 
p = Se as ele 242) 
1.35 
But from Fig. 108c it is apparent that at least one root 
will be to the right of p = —0.62. As in the transfer 
function solution, it can be seen that a redesign of the 
servo is necessary, 

Since the movement of the vertical branch of the root- 
locus to the left in Fig. 108c would speed up system re- 
sponse, the shift of the pole at p = 1.26 to, say, 
>= 1 might help. This could be done by inserting a 
pole at p = —4 and a zero at p = —1.26. The zero at 
p = —1.26 will cancel the pole at p = —1.26. The 
improved servo is shown in block-diagram form and in 
open-loop, pole-zero form in Fig. 109a. The improved 
servo form used in the transfer-function design approach 
is shown in Fig. 109c. Notice that they are almost identi- 
cal except that in the case of the transfer-function design 
the network to change the position of the pole from 
p= —196 top = 1 was guessed at by the use of 
curves and so the injected zero was not at the ideal spot 
to cancel the pole at p = —1.26. The root-locus for the 
improved servo of Fig. 109b is now constructed (Fig. 
110). 

The design of the compensating network, (p + 1.26) / 
(p + 4), will not be shown here as this design method 
was shown in detail previously in Eqs (83) to (87). In 
the case of the redesigned servo of Fig. 109b, 

KG 68000/p(p + 20)(p +4) 
V l 
kK 68000 
D = p(p + 20)(p + 4) = p'+ 24p?+ 80p 
D+ KN = p'+ 24p?+ 80p + 6800Q (2.43) 
It is suggested that the reader derive the root-locus of 
Fig. 110 and check these values: 
asymptotes intersect at p —= —8 
breakaway is at p = —1.9 
intersection of imaginary axis is at p - j8.95 
at imaginary axis intersection, Q = 0.283; K = 1920 

A comparison of Fig. 110 and Fig. 108c shows that the 
root-locus has moved to the left as desired. The root on 
the root-locus to the left of p — —20 will have little 
effect on the transient response; so a line drawn at an 
angle of 70 deg (the dashed line in Fig. 110) will inter- 
sect the root-loci at roots that correspond to a damping 
coefficient of about 0.35,* typical of an underdamped 
servo. Thus two roots of the servo, r. and r,, are: (—1.5 
+- j4) and (—1.5 — j4). To find the location of the 
corresponding root on the real axis, use is made of the 
fact that the sum of the negative of the roots equals the 
coefficient of p® in the expression for D + KN of Eq 
(243) [see Eqs (222) to (224) ] so that: 


* The damping factor in this case is the cosine of 6 in Fig. 110. See the text 
explaining Figs. 31 and 47 in preceding articles. 
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p plane 


2 
(-1.5 +/4) 


f. 


Three zeros at infinity 


Fig. 111 


Roots and zeros of redesigned closed-loop servo. 


The value of K that corresponds to r. (also r; and r;) 
is found by direct measurement to the poles [see Eq 
(191) ] as 

=4.2X4.8 xX 19 = 384 (245) 
and 
O = K/6800 


38 4/6800 0.056 


Note that the value of K was not based on r, because r; 
is so close to a pole that a slight measurement error 
would cause a large error in K. The numbers obtained 
above are based on graphical methods and are not exact. 

Figure 111 shows the roots and zeros of the (rede- 
signed) closed-loop servo as developed above. The next 
two sections will show how the closed-loop step and fre- 
quency responses are obtained from Fig. 111. 

Obtaining the Closed-Loop Transient Response. 
The key to obtaining the frequency response from the 
system roots and zeros lies in the relationship between 
the root-locus and the closed-loop transfer function, so 
this relationship will be developed first. 

The system transfer function for a unity-feedback 


servo 1s 


6 KG KN/D \ 
A 


620 1+KG = 1+(KN/D) D+KN 


The poles of the transfer function are at the zeros of 
D + KN and the zeros of the transfer function are at the 
zeros of N. It can be shown that, because N and D have 
been defined as products of terms of the form (p + ...), 
and because D is of a higher order of p than N, 

0, , (p—m)(p—m) 


Bin K (p—n)(p—n)(p—rs) (246) 


where n,, n., etc. are the coordinates of the open-loop 
zeros and r,, re, etc. are the coordinates of the system 
(closed-loop) roots. The terms (p n,), etc. are com- 
plex numbers and can be multiplied and divided as such. 

The transfer function becomes the frequency response 
if p jw, as discussed in the article on design by trans- 
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fer-function methods. In the general case, the values of 
the transfer-function magnitude and angle can be calcu- 
lated from the lengths, /, and angles, 0, shown in Fig. 112. 
[The reader should verify the following formula by in- 
serting the values of Fig. 112 into Eq (246).] If o = o, 


0, , _ gp bale 
ra (magnitude) = K lle 


(247) 


6. 
(angle) = 4;+ 0,— 0— % 


in 


Figure 113 shows the data needed for calculation of 


P plane 


le 
Fig. 112 
response. 


Distances and angles used in calculating frequency 








Fig. 113 
at 1 eps. 


Calculation of frequency response of problem servo 


169 





AUTOMATIC CONTROL SYSTEM DESIGN 6 


the frequency response of the problem servo of Fig. 111 
at w 6.28 rad/sec 1 cps. In this case there are no 
finite zeros. The zeros at infinity balance out each other’s 
contributions both in magnitude and phase. The gain and 
phase shift through the servo are 


l 384 
20 © 21.8 KX 2.7 X 10.3 


0.0315 


4 stud 
0, (magnitude) 


4 
: (angle) 55 —8l —154 deg (249) 
Vin Loop gain= K 
The extra factor of 1/20 in Eq (248) is due to the gain Amplitude of transient = 7 
l = 

of the right-hand box in the equivalent servo diagram of 
Fig. 109b. By repeating the process illustrated in Fig. 113 
and Eqs (248) and (249), the entire servo frequency \ 

. , eer 1 r,@----1- 
response can be derived rather rapidly. The final results 
Fig. 115—Distances and angles used in calculating residue for a 


for the problem servo are shown in Fig. 114 and closely 
root. 


duplicate the results obtained by the transfer-function 
method. The servo now has adequate frequency response. 

Obtaining the Closed-Loop Transient Response. 
\s shown previously, the overall servo transfer function 
In the case of a simple pole, such as at p = rm, in 


Is: 


Eq (251), the residue is given by multiplying 6, by 
0 A(p m)(p ne) 


250 (p r,) and evaluating (p — r,)6, at p = r, to get: 
On (p—ndXp — rp —n) om 1) and ¢ g (7 ! I , tog 
AQ — m)(r, — ne)7 
(ri — r2)(ri — 73)(ri — 0) 
This multiplication and division can be done graphically. 
Figure 115 shows the calculation of the residue at r, in 


If this transfer function is multiplied by the Laplace Br, (253) 


transform of a transient input (for example. a step of 
amplitude 7) then 


the general case containing both finite poles and finite 
Zeros, 


and Br, = He?! 


[ K(p — m)(p — ne) ] [ 7 ] (251) where 
(p — n)(p — r)(p — rs) (p — 0) ‘ 
A(CE)7 


is the Laplace transform of the step response. H BDF (254) 
All that is necessary to obtain the output as a function 

of time is to determine the residue at each pole (at r,. r-. b= A+ &— i— O%— 

etc., and at zero) and plot Notice that the residue may be a complex number 

in fact, it will be complex for all roots off the real axis. 

Complex residues will always combine to form damped 


exponentials that are real, as will be seen in the next 


output Br, (etrit) + Br, (ett) +... + Br (e%) (252) 
where 
the residue of @, at p 
example. 


the residue of 6, at ‘s : 
an ans P Figure 116 shows the necessary construction to deter- 


the residue of 6, at p mine B,, for the servo of Fig. 111 for the case of a step 
input of amplitude 7. In this case, there are no finite 


Zeros, so 


Note? 0 @ (=21(-19.5 — j(-19.5 + J) 


reference is 
0.05 radians 38h xX 7 

output per voit (—21)(19.5? + #) 
input (see Fig. 58 
—— oe Similarly, 


0.3 (approx) 


B, 2 sae ° = 3.95e?" 

Br 3.3 J 3.95e 

B, +7 (256) 
It is suggested that the reader check the calculations for 
B,., B,, and B,,. as a review. 





tpite 


Frequency, rad /sec the transient response of the problem servo to a 7-unit 





os 5 Combining the results of the calculations above yields 
Frequency response of redesigned problem servo. step: 
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JZe®t + 3. 95e7?-57[e(-1.5t 


3.957225 [e-1.5- 10 4 


ist] 4 
20 0, 


0. = 0.015e-2!* + 0.35 — 0.335e7! 4! cos 4t* 
which is shown in Fig. 117. Notice that the servo is 
indeed slightly underdamped and that the time to cross- 
over is 0.4 sec. 


Servos with Non-Unity Feedback. The root-locus 
method was developed for single-loop unity-feedback 
servos. The conversion of a multiple-loop servo to a 
single-loop servo was covered previously in Article 4 
(see Fig. 62). It should be mentioned, however, that the 
algebra necessary to find the poles and zeros of a single- 
loop servo which has been reduced from a multiple-loop 
servo can be very involved. 

The conversion of a single-loop servo with non-unity 
feedback to a single-loop servo with unity feedback is 
shown in Fig. 118. The top and bottom diagrams are 
equivalent. When the bottom diagram is analyzed by 
root-locus techniques, the stability and the “output” at 


* This transformation is effected by using e*/? COsXx 


in the article on complex variables 


j sinx as explained 


~ Pole (root) 
due to step 
input 


K=384 
Step amplitude =7 


Fig. 116—Example of construction necessary to determine resi- 
due for point rj. 


Output 


ent, rod 


spiacem 


D 





~-0.335e7'5!/ cos 4 


Fig. 117—Transient response of 
redesigned problem servo. 
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Fig. 118—Conversion of a non-unity feedback servo to a unity 
feedback equivalent. 


4, for any input at 6,, can be determined. To find 6,, the 
effect of (1/B) on the signal at 6, must be calculated. 
Notice that loop gain is the same (AB) for both versions 
of the servo. This verifies the statements made previously 
that stability is a function of servo-loop gain. OOO 


References for Further Study 


The following references are recommended for supplementary 
study; in addition, they form a good basic servo library. The 
chapters of particular interest are coded as follows: 


Design by Transfer Functions 
Chapters 4, 5, 6, 11 


Complex Variables 


D—Chapter 5 A 

G—Chapter 2 E—Chapters 5, 6, 7, 8 

l Chapters Las oe GC—( hapters 5 6 & 14 
6, 7 11, 12 


Laplace Operational Calculus System-Equation 


C—Chapters 1, 2, 3, 4, Cc 
ae a E 
D—Chapters 1, 2, 3, G 
Chapter 
(,— Chapters 


4 pproac h 
Chapter 6 

Chapter 3 
Chapters 6, 8 


Root-Locus Method 
A—-Chapter 7 
General F—Chapter 4 
A——Chapters 1, : 
E—Chapters 1, 3, 
F—Chapter 2 F 
G—Chapter |] Hl 


Servos 


fdvanced Concepts 


Chapters 2, 3, 5, 6 
Chapters 1—9 


Transfe7-Function Writing 


B—Chapters 1, 2, 4, 8, 9 
E—Chapter 5 
G—Chapter 7 
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Taking Advantage 


The 


The silicon capacitor can replace the air 
variable capacitor in tuning radio re- 
ceivers remotely. It also permits design of 
signal-seeking circuits covering a wide 
band, as well as yielding automatic gain 
control and automatic frequency control. 
Some compromises in operating charac- 


teristics are needed to maintain high Q. 


JULIUS G. HAMMERSLAG 

Product Manager, Semiconductor Division 
Hucues Arrcrart CoMPANY 

Los Angeles, California 


THE SILICON CAPACITOR is very similar in construction to 
an alloyed-junction silicon diode rectifier. Advantage is 
taken of the fact that a junction of this type shows a 
capacitance between its terminals. This capacitance is 
voltage dependent, becoming smaller as reverse bias 
voltages are increased. 

This phenomenon can be explained as follows: a semi- 
conductor junction, Fig. 1, 
regions 


consists of two zones or 
a p zone with an abundance of positive carriers 
and an n zone with an abundance of negative carriers. 
When no external bias or reverse voltage is applied to 
the junction, the contact potential of the two zones forces 
the charge carriers away from the immediate vicinity of 
the junction. Under those circumstances there are actually 
three zones in the semiconductor crystal: a p zone 
(holes), an n zone (electrons) and a depletion zone be- 
tween the two. This depletion zone is almost completely 


Related Article in the 

ELECTRICAL MANUFACTURING 

Basic Science and Engineering Series 

“Introduction to Semiconductor Theory,” January 1959, 
p 107. 

For reprint ordering information, see page 218. 


O 


Voltage Sensitivity 


devoid of carriers and is therefore essentially a dielectric. 
Hence, the crystal looks (and acts) like a parallel-plate 
capacitor, the p and n zones representing the parallel 
plates, and the depletion zone the dielectric between them. 

Now, when an external potential aiding the already 
existing contact potential is applied to the junction, more 
carriers are pulled away from the vicinity of the depletion 
zone, and the depletion zone widens. The larger this ex- 
ternal potential, the wider the depletion zone becomes 
(within the limits of the avalanche or Zener voltage of 
the device). The wider the depletion zone, the smaller 
the capacitance of our simulated parallel-plate capacitor. 
It becomes obvious, then, that the capacitance of the 
device can be varied by varying the magnitude of an 
externally applied potential, termed a bias voltage. 

Relations of Capacity vs Voltage. In the case of 
an abrupt transition from the p zone to the depletion zone 
to the n zone (such as is the case with alloyed junctions), 
the capacity C varies with voltage according to the 
relation: 


where 
K = proportionality constant 
V,,=contact potential 
V =bias voltage 
n characteristic exponent 

For alloyed-junction silicon capacitors, V) is approxi- 
mately 0.5 volts and n is approximately 0.46. Constant 
K varies from device to device, depending primarily on 
the resistivity of the silicon material. Figure 2 shows 
typical capacitance vs bias-voltage curves for several 
types of silicon capacitors. The curves show reverse volt- 
ages down to 0.1 volts only, but the bias voltage can be 
reduced to zero and even reversed up to 0.4. volts (thereby 
partially cancelling the contact potential) with the effect 
of still further increasing the capacity of the unit. Maxi- 
mum-to-minimum capacity ratios of as high as 35:1] 
have been obtained. Not all of this range is always 
usable, however, as will be explained later. 

Equivalent Circuit. Like any electronic component, 
the silicon capacitor is not a “perfect” capacitor. The 
device also has series and parallel resistance as well as 
a series inductance, as indicated in the equivalent circuit 
of Fig. 3. Series inductance L, is usually negligible. 
Likewise, R, is in the order of thousands of megohms 
at room temperature (usually several megohms at 150 C) 
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of the Silicon Capacitor 


and can usually be neglected. Hence the equivalent circuit 
can be simplified to the approximate equivalent circuit of 
Fig. 4. Series resistance R, cannot be neglected. It is a 
very important factor affecting the usefulness of the 
device because it is the determining factor of the efh- 
ciency or Q of the capacitor expressed as: 


where 
f = frequency in megacycles 
C = capacity in microfarads 
R, = series resistance in ohms 

In tuned r-f signal circuits, it is most desirable that 
the capacitor Q be as high as possible. If the Q is too 
low, then the voltage gains in LC tank circuits will be low, 
resonance curves will be flat and non-selective, and some 
circuits will not work at all. 

At the present stage of the art of making available 
silicon capacitors, the Q is still low. It is important, 
therefore, that the design engineer who wishes to use the 
device be well acquainted with the various external 
factors affecting the Q of the capacitor. He can then 


Fig. 1—Depletion zone in silicon diode 
sets up capacitance effect which is volt- 
age dependent. 


Fig. 2 (right)—Variation of capacitance 
with bias voltage of typical Hughes sili- 
con capacitors. Curves for types HC 7006, 
7007 and 7008 end at the vertical lines 
(12.5 volts approx.). 
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design the circuit to create conditions for maximum Q. 

Factors Affecting Q. It can be seen from the above 
expression for Q that frequency and capacity will have an 
effect on its value. Since capacity is dependent on the 
applied bias voltage, voltage will have an effect on Q. 
And, since R, is essentially the electrical resistance of 
the conducting portion of the silicon crystal and this 
conducting portion becomes thinner (depletion zone be- 
comes wider) as bias voltage V is increased, the applied 
voltage has an effect on R, and therefore on Q. The vari- 
ation of capacitor Q with frequency and voltage is shown 
on Figs. 5 and 6. 

Stability. The capacity of the device is extremely 
stable. In one experiment, after storing 200 silicon capac- 
itors for several weeks at 200 C, it was found that the 
capacity at room temperature had not changed by more 
than expected instrument errors. 

The capacity does vary somewhat with temperature, 
probably because of variation of the contact potential 
with temperature. Figure 7 shows typical capacitance vs 
temperature curves of a silicon capacitor. The variation 
is quite small, usually less than 200 ppm, at least within 
normal operating temperatures. 





Equivalent cireuit of the silicon capacitor. 


Fig. 4—Simplified equivalent circuit of the silicon capacitor. 


Parallelism of C vs V Curves: Although the absolute 
capacity at a given voltage varies from device to device, 
the rate of variation of capacity with voltage is remark- 
ably constant, provided reasonable care is taken in the 
formation of the junction. In other words, the exponent 
n in the relation C K/(V, + V)" remains fixed from 
device to device. In the case of Hughes silicon capacitors, 
n 0.46 and varies less than 1 per cent from unit to 
unit. This constancy of the factor n is essential to obtain 
good tracking in tuned circuits. 


Application Factors 


In general, it will be advantageous to use a silicon 
capacitor when one or more of the following require- 
ments are needed or desired: 

1. Variation of reactance (capacitive or inductive) 
obtained electrically, instead of mechanically, as with air 
capacitors or a tuning slug. 

2. Small size and weight (comparable to a 14-watt 
resistor). 

3. Adaptable to automatic insertion on printed-circuit 
boards. 

1. Resistance to severe environmental conditions (glass 
sealed ye 

Since silicon capacitors are relatively new, only some 
of the more obvious applications have been explored, 
such as automatic frequency controls, remote-control tun- 
ing and some others. However, many other applications 
are possible—possibly not as yet thought of. The concept 
of changing electrically, under simple conditions, as 
important a parameter as reactance makes many designs 
practical which previously were impractical or even im- 
possible. 

Basic Design Procedure. Generally, there will be 
two parts to the circuit employing silicon capacitors: 


— Curve 1 HC7001 ( @ 130 volts d-c) 
Curve 2 HC7002( @ 80voltsd-c) 
Curve 3 HC7004( @ 60voltsd-c) 
Curve 4 HC7005(@ 25voltsd-c) 
Curve 5 HC7006, HC 7007, 

HC7008(@ 25wilts d-c) 


Frequency, mc 


Fig. 5—Variation of Q with frequency for seven types of 
Hughes silicon capacitors. 


e The controlled circuit, usually a signal circuit, which 
is affected by a change in capacity of the silicon 
capacitor. 

e The controlling circuit, which changes the bias 
voltage across the silicon capacitor in order to change 
its capacity. 

The design considerations for the controlled circuits 
involve Q, capacity range and parasitic change of capac- 
ity due to the signal itself. As has been mentioned, the 
highest Q will be obtained with the highest bias voltage. 
This, in turn, will limit the capacity range, since most of 
the capacity change takes place at low bias voltages. 
Hence, a compromise is usually necessary to obtain 
maximum Q with suitable capacity range. 

Regarding parasitic change of capacity due to the 
signal, much of this type of distortion can be eliminated 
by keeping the bias high as compared to the signal 
Again, a compromise has to be made to reach 
without 


voltage. 
acceptable capacity variation excessive dis- 
tortion. 

The controlling circuit must meet two major require- 
ments: 

(1) It must create the bias voltage change necessary 
to obtain the desired capacity change. 

(2) It must do so without interfering with the normal 
function of the controlled circuits. 

Requirement (1) can usually be met by designing the 
controlling circuit so that it produces just the voltage 
variation needed. Requirement (2) is usually most simply 
met by inserting a large resistor (several megohms) 
between the controlling and controlled circuit. The only 
current flowing through this resistor is usually the 
leakage current of the silicon capacitor—seldom more 
than a microampere. 

Because voltage-sensitive silicon capacitors provide a 
static substitute for variable airgap capacitors, one of the 
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Fig. 6—Typical curves of Q vs bias (reverse) voltage for 
Hughes silicon capacitors at frequencies of 1 to 20 me, With 
increased frequency, the effect of voltage on the capacitor Q 
decreases. 


earliest and most obvious applications was to the tuning 
section of radio broadcast receivers. The device is adap- 
table to remote tuning by electrical signals, signal-seeking 
circuits, automatic gain control and, in the case of FM 
receivers, frequency control. 

A typical circuit for a remote-controlled radio receiver 
is illustrated in Fig. 8. By turning a 100-k ohm poten- 
tiometer, the bias voltage of the two sets of silicon 
capacitors is varied. The resonant frequencies of both 
the oscillator-tank (LC) and the tuner-tank circuits are 
tunable over the AM 
achieved by adjusting the cores in the inductors. 

To understand the necessity for the back-to-back 


broadeast band. Tracking is 


mounting of the capacitors, refer to Fig. 9, which shows 
the basic LC tank circuit in which a single silicon capac- 
itor, C,, 
circuit, C, is a blocking capacitor whose capacity is 


replaces the conventional air capacitor. In this 
large compared to C,. Resistor R isolates the signal 
circuit from the biasing circuit and can have a value of 
several megohms. (The d-c voltage drop across R will 
be quite low because of the low value of the leakage 
current—a few millimicroamperes.) As before, the reso- 
nant frequency of the LC, tank circuit is varied by vary- 
ing the bias voltage across (and hence the capacity 
of) Ges 

This basic circuit has some serious disadvantages when 
the signal voltage is large compared to the bias voltage. 
As soon as the signal voltage exceeds the bias voltage 
by more than a few tenths of a volt, the silicon diode C, 
begins to conduct (and chop) the portion of the signal 
exceeding the bias. This action not only causes distortion. 
but also creates a d-c bias across C,, even when the 
biasing circuit is at zero. This limits the minimum appli- 
cable bias and, hence, the capacitance range of the 
silicon capacitor. These objections are overcome when 
the circuit of Fig. 8 is used. Since each pair of silicon 
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Fig. 7—Typical curves of capacity vs temperature for a silicon 
capacitor (Hughes Type HC 7004). 


Oscillator 
tank 


Fig. 8—Remote tuning control for radio receiver using four 
Hughes HC 7002 silicon capacitors wired back-to-back to 
prevent unwanted conduction. 


Air copacitor Silicon capacitor 


Fig. 9—Basie LC tank circuit in which a silicon capacitor 
replaces a variable air capacitor. 





Fig. 10--Simple sweep circuit for signal-seeking radio receiver, 


capacitors is connected in opposition, no conductance 
(and hence no chopping) of the signal can occur. The 
bias across the silicon capacitors can be reduced to zero 
and even reversed up to about 0.4 volts for maximum 
capacity variation. This circuit has been successfully used 
in a superheterodyne receiver where the r-f peak-to-peak 
voltage was as high as 20 volts. 

In the design of a signal-seeking radio receiver, the 
basis of the “seeking” is automatic sweeping of the signal 
frequency around the signal carrier frequency. Figure 10 
illustrates a simple sweep circuit using a silicon capacitor 
as a tuned-circuit element with inductance L. Capacitor 
C is a d-c blocking capacitor whose value is large com- 
pared to that of C, and R, an isolating resistor. 

When switch S is opened, C charges exponentially 
toward control voltage E at a rate determined by the 
time constant CR and voltage E. During the charging 
period, the circuit sweeps through a frequency band 
defined by C, L, C, and E. Upon completion of the charg- 
ing process, closure of switch S can be made automatic 
by replacing the switch with a device which fires at a 
selected voltage. 

Because the applications of a single continuous sweep 
are limited, a method for controlling sweep became 
essential. An obvious answer lay in the use of automatic 
gain control (AGC) in a feedback system controlling 
the changing current. Figure 11 illustrates two such cir- 
cuits. Operation of each is identical except that with the 


sweep in the alternate position, transistor 7’, is replaced 
by a vacuum tube because of the higher impedance levels 
encountered. 

In the left circuit of Fig. 11, assume that the Reset 
and Sweep switches are open and that the AGC is below 
the threshold level set by R,. Then transistor 7. will be 
fully conducting. If the voltage drop across R, is greater 
than the difference between voltages E, and E, where FE, 
is the larger, transistor 7, will present a low resistance 
path for the charging current of capacitor C. As the 
sweep frequency approaches a station, the AGC voltage 
becomes more negative and tends to cut off transistor 7’, 
thereby changing transistor 7, from a low to a high 
resistance state. The circuit therefore stays tuned to the 
station. : 

Any frequency drift due to the discharge of capacitor 
C through the finite circuit resistance results in a de- 
crease of AGC voltage, with resistance 
changes of controlling element 7, permitting more charg- 
ing current to flow until an equilibrium position is 
reached. Temporary closure of the Sweep switch allows 
continuation of the sweep until the next station is 
reached. After reaching the top of the band, the circuit 
can be reset by closing the Reset switch. The Sensitivity 
control permits selection of station on the basis of signal 
strength. Figure 12 illustrates the operating point on the 
AGC characteristics. 

In automatic frequency control circuits, the silicon 
capacitor replaces a reactance tube. In Fig. 13 the output 
voltage from the discriminator varies the voltage on the 
silicon capacitor and hence the local oscillator frequency 
so as to correct for any frequency drift due to extraneous 
causes. 

The circuit of Fig. 14 demonstrates how silicon capaci- 
tors can be utilized in an FM transmitter. The audio 
voltage appearing across R, varies the capacitance of C, 
and the capacity of C, of the tank circuit. The d-c bias 
voltage E,, applied through isolating resistor R, controls 
the center frequency. Capacitor C acts as an r-f bypass, 
while C, blocks the direct current. 


subsequent 


Conclusion 


The silicon capacitor has now reached a stage of 
development where it can be used in many applications. 


Fig. 11—Two typical signal-seeking circuits in a radio receiver using silicon capacitors in the local oscillator circuit. 
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Fig. 12—Typical operating 
point of signal seeker. 





Frequency, kc 


Discriminotor 


I 


Fig. 13—Use of a variable capacitor in place of a reactance 
tube in an automatic frequency control circuit of an FM 
receiver. 


Oscillotor 


Fig. 14—Circuit for modulation of FM transmitter signals. 


It is being mass produced and is being applied in such 
applications as remotely tuned car radios. 

However, it is the not-yet-thought-of applications and 
the refinement of present applications which will un- 
doubtedly provide the largest use for the silicon capacitor 
in the future. It is now at the stage at which the vacuum 
tube stood thirty years ago. The basic properties are 
defined. Many of the refinements, both of the device and 
its applications, are yet to be worked out. ( 
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High-Gain Magnetic Amplifier 
In Bridge Circuit 


(Continued from page 116) 
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deg 


Fig. 6—Per cent gain vs temperature for a bridge amplifier and 
a Ramey amplifier. Data compiled from eight amplifiers. 


it does counteract the negative feedback caused by the 
resistance of the load windings. This makes a more linear 
amplifier and decreases the saturated impedance, result- 


ing in a smaller unit that is capable of handling more 


ae 


power. 
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Bellows-Type, Phase-Adjusting Coupling 


NICHOLAS M. RASKHODOFF 
Cheverly, Maryland 


A NEW ADJUSTABLE coupling shown in 
Fig. 1 is of the bellows type to take 
care of shaft misalignment. The built-in 
adjustment allows displacement — or 
phasing of the coupled shafts through 
a range of 360 deg, the adjustment 
being by means of a slotted screw. 
One turn of this screw rotates the ad- 
justable shaft hub of this coupling 
slightly more than 11 deg while the 
other shaft hub remains stationary. A 
15 deg rotation of the screw turns the 
shaft hub only about 11% 

The development of this adjustable 


deg. 


coupling became possible through the 
adoption of a special technique in the 
manufacture of its driving mechanism. 
Teeth on the driven member are formed 
without the conventional hobbing pro- 
cedure, making it possible to locate 
them where required rather than hav- 
ing them determined by the size of 
the hob. The customary worm is _ re- 
placed with a precision screw, meshing 
with the teeth on the driven member 
and also serving as the adjustment 


screw. 


Fig. 1 (above) 


The adjustable shaft coupling hub, 
serving as the driven member, has a 
reduced diameter section which rotates 
within the coupling end attached to 
one end of the bellows. The adjusting 
screw and the locking screw are posi- 
tioned in this coupling end. Small re- 
taining rings on the adjustable shaft 
coupling hub and the adjusting screw 
allow rotation without longitudinal 
movement along their axis. 

The locking screw provides a_posi- 
tive lock between the adjustable shaft 
coupling hub and the coupling end 
secured to the end of the bellows. The 
remainder of the coupling is of con- 
ventional construction, with the other 
end of the bellows secured permanently 
to the fixed shaft coupling hub. 

Any of the conventional forms of 
coupling may be constructed to use 
the phase adjusting principle described, 
but the coupling as now actually man- 
ufactured by the PIC Design Corpor- 
ation employs the bellows principle, 
and is available in a number of shaft 
bores. When used between two synchros, 
Fig. 2, it eliminates the need to rotate 
one of the units in its mounting for 


zeroing-in. A typical application in a 


theodolite mount is shown in Fig. 3. 
O00 


Fig. 3—Use of the adjustable coupling 
to simplify zeroing of the tracking head 
and encoder in a_ portable theodolite. 
Photo courtesy of the David Taylor 
Model Basin. 


Hub and shaft 
remain fixed 
during adjustment 


Phase adjusting coupling in bellows form, as 


produced by PIC Design Corporation, East Rockaway, N. Y. 


(patent applied for). 


Fig. 2 (right) 


The adjustable coupling as used between two 


synchros to zero-in without rotating either of the units. 
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A pulsed radar for land-vehicle guidance. 


Radar Guidance 
For Land Vehicles 


YAOHAN CHU and P. N. BUFORD 
WESTINGHOUSE ELectric Corp. 
Baltimore, Maryland 


THE SYSTEM OF VEHICLE GUIDANCE de- 
scribed below* uses a radar mounted 
on the vehicle to track a reflective or 
back-scattering guidance line on the 
road. The radar detects a direction 
error, which is then presented to the 
driver for manual tracking or sent to 
the control loop for automatic tracking. 
The guidance line is made of radar- 
reflecting or back-scattering material 
such as a tape of smooth or embossed 
aluminum foil placed on the surface of 
the highway. The purpose of the guid- 
ance line is to reflect or back-scatter 
the electromagnetic waves radiated by 
each vehicle guidance radar, so that the 
radar can detect the returned signal 
and provide a direction error signal for 
direction guidance. The guidance line 
is arranged parallel to the length of 
the highway either along the center 
lane or along the side of the highway. 
It may consist of two such lines along 
che sides of the lane for safety and 
reliability purposes. 
problem is the pos- 
interference with on- 
coming vehicles. This can be readily 
solved if the reflective or back-scattering 
surface of the guidance line is made or 


(An important 


sible radiation 


installed to reflect or scatter in a direc- 
tion toward the one vehicle but not 
that of the oncoming vehiclé® This 
interference is further reduced due to 
the fact that the radar beam is illumi- 
nating in a downward inclination to- 


* This article is based on a paper presented by the 
authors at the IRE National Convention, March 1959, 


SEPTEMBER 1959 


Transmit- 
, Range gated 


amplifier 


receive 
gate 


Klystron 


Indicator 


Phase - 


sensitive 
demodulator 





Gate 
generator 


PRF 
generator 


ward the road surface. Another solu- 
tion is to use circular polarization, so 
that the left-hand polarization is used 
for one direction and the right-hand 
for another direction. 

The land-vehicle guidance radar is a 
sensor which detects a direction error 
from the guidance line and produces a 
steering-error signal. Many configura- 
tions for this type of guidance radar 
are feasible. One such configuration 
is described here (see block diagram 
in Fig. 1). The antenna is of the 
reflector type with upper portion spoiled 
to provide a cosecant squared beam 
in the elevation plane. There are two 
feed horns in the antenna azimuth 
plane, one of which is offset at the 
same amount but in the opposite direc- 
tion. The beam is lobed in the azimuth 
plane. This is achieved by connecting 
each feed horn to a separate Uniplexer, 
both of which are connected by means 
of “tees” to a klystron. A lobing signal 
generator drives both Uniplexers sinu- 


Power 
steering 


soidally but in opposite phase, so that 
the resulting radiations from the two 
feed horns is a beam which is lobed 
in the azimuth plane. This will pro- 
duce, after detection, an amplitude- 
modulated video signal from the guid- 
ance line. 

The transmitter is a double-cavity 
klystron of the regenerative amplifier 
type. This type has several novel fea- 
tures particularly suited for this ap- 
plication. It serves not only as a trans- 
mitter, but also as a modulator, an 
r-f amplifier, and a video detector. This 
is desirable for circuitry simplicity— 
there is no need for separate TR de- 
vices, modulator and detector. Ampli- 
fication by the multipurpose klystron 
at r-f frequencies is desired, since its 
broadband characteristic is required 
for amplification of the extremely short 
r-f pulses used for range resolution. 

The video signal is sent through the 
Transmit-Receive gate which is gated 
on by pulses from the PRF generator. 
The Transmit-Receive gate serves the 
purpose of isolating the video circuits 
from the klystron when it is transmit- 
ting. The video signal is next sent to a 
range-gated amplifier. Following each 
transmitted pulse, the PRF generator 
causes the range gate to open and then 
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to close at a specific time interval in 
the pulse repetition period. The pur- 
pose of this gating is to permit selec- 
tion of return signal coming from a 
particular range interval ahead of the 
vehicle. The opening of the gate is de- 
layed so as to avoid the altitude line 
and nearby ground-clutter signals from 
entering the phase-sensitive demodula- 
tor. The gate is closed after an appro- 
priate time interval to prevent the re- 
ception of unwanted echoes. The width 
of the range gate can be narrowed to 
such an extent as to permit selection 
of a particular tracking point ahead 
of the vehicle. (The desirability of this 
feature will be discussed subsequently. ) 
The gated-video signal is now sent to a 
video filter which removes the PRF 
frequency components and permits the 
lobing-frequency signal to pass. This 
filtered video signal is finally sent to a 
phase-sensitive demodulator with a ref- 
erence signal from the lobing-signal 
generator. The output from the demod- 
ulator is the tracking-error signal from 
the guidance line. This error signal is 
presented to the vehicle driver for visual 
indication and/or sent to the power 
steering for direction control of the 
vehicle. 

A configuration of the radar guid- 
ance and control system is shown in 
Fig. 2. (In Fig. 2, the antenna bore- 
sight axis and guidance line are mis- 
aligned to indicate a small lineal track- 
ing error.) The klystron transmitter-de- 
tector sends a pulse signal through the 
duplexer to the antenna which illumi- 
nates the roadway. The lobing generator 
drives the duplexer, causing the beam 
to sweep left and right across the road- 
way. The antenna picks up reflections 
from the guidance line, and sends the 
signal through the duplexer to the 
transmitter-detector. The detected sig- 
nal then flows through the video ampli- 
her to the 
which, by means of phase comparison 
with a reference signal from the lobing 


generator, develops a 


steering-error dectector 


steering error 
proportional to the lineal-tracking error. 
The steering-error signal is amplified 
and sent to the steering motor, which 
drives the steering mechanism to cor- 
rect the tracking error and thus close 
the control loop. The driver’s over-ride 
switch, located on the steering wheel, 
is to disengage the system whenever the 
driver wants to regain manual control 
of the vehicle by turning the steering 
wheel. 

The antenna may be decoratively 
mounted in the grillwork so as to il- 
lumine the ahead of the 
vehicle. On the antenna disk there are 
four feed horns, the lower two of 


roadway 
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which are used for guidance purposes. 
The upper two feed horns form another 
beam for the purpose of obtaining 
range, rate and collision signal from 
the vehicle ahead of the guided vehicie, 
and obtaining echoes for panoramic dis- 
play for the driver. The other com- 
ponents are mounted at the side of 
the radiator and are connected with the 
vehicle battery and with the steering 
motor. The steering motor is also con- 
nected to the driver’s over-ride control 
on the steering wheel. This arrange- 
ment does not compete for space with 
any other vehicle components, but it 
maintains the good appearance of the 
vehicle. On the basis of twenty active 


Design Note 


components, an estimate of the power 
consumption for the guidance radar 
would be 200 watts for using ordinary 
tubes, 50 watts for using miniature 
tubes, and 10 watts for using transis 
tors. 

An estimate of the size and weight 
is of interest. The total weight, exclusive 
of the hydraulic-power steering and 
battery but including the antenna, would 
probably be 20 to 30 Ib. The size is 
estimated to be about one cubic foot 
including the antenna, but excluding 
the power steering and the battery. The 
size and weight of the antenna may 
justifiably be considered as a part of 
the grillwork. OOO 
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Electrochemical Static 
Control Switches 
High-Power A-C 


A STATIC SWITCHING COMPONENT com- 
posed of three electrodes immersed in 
an electrolytic bath (Fig. 1) can be 
used for switching or modulating a-c 
circuits carrying load currents to 15 
amp and above. The static-switching 
cells may be used as circuit breakers, 
regulators, current amplifiers, modu- 
lators, time delays, error detectors, 
proximity switches and logic devices. 


The electrochemical switch, made by 


Ovitron Corporation, Detroit, may be 
applied to the direct control of a-c 
power without the use of intervening 
devices. 

One of the electrodes in the per- 
manently sealed cell is used to control 
the current flow between two load elec- 
trodes. The ratio of load current to con- 
trol current may be varied from 10:] 
up to 50:1 Power gains of approxi- 
mately 28 db have been achieved 

Since the switch is based on an elec- 
trochemical reaction, it cannot fail to 
work as long as a control signal is ap- 
pied. Cell life is a matter of years, from 
all available evidence. 


Basis of Operation. The load-carrying 
electrodes are coated with a nonconduc- 
tive film which is made conductive when 
a signal is applied to the control ele- 
ment. The film-coated electrodes nor- 
mally act as two back-to-back rectifiers 
in series with the load to be controlled. 
Upon the application of a small d-c 
signal to the control electrode, the two 
load electrodes are polarized, metal ions 
enter the semi-permeable film on the 
load electrodes, and the nonconductive 
but only for 
as long as the control signal is applied. 
With the application of a signal of 
reverse polarity, or no signal, the film 
on the electrodes returns to its non- 
conductive state. The control electrode 
carries none of the load current at any 
time. 

The self-healing electrodes do not 
react with the electrolytic bath and 
show no indication of physical deteriora- 
tion regardless of cell age or use. 
Neither is the electrolyte depleted nor 
contaminated by use. The device is 
virtually unaffected by shock, vibration, 
temperature, magnetic or electric fields, 
pressure or overloads. 

Present limited-production models of 


films become conductive 
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Fig. 1—Typical Ovitron electro-unit cell 
capsulated cell at the left. Maximum load 


the static control device use an acidic 
electrolyte solution containing metal 
ions. The control electrode is platinum, 
while the power electrodes are coated 
with tantalum oxide. 

Presumably, the control electrode has 
no chemical effect in the electrolysis 
(which involves only the control elec- 
trode) but serves only as a conductive 
surface at which electrons may be in- 
terchanged. Gases, formed at the con- 
trol electrode by the control current 
only, are returned to solution by a 
membrane-protected catalyst; thus, the 
electrolyte is not depleted. The catalyst 
is not consumed or contaminated by 
any of the cell contents. 

When the cell is overloaded, no cur- 
rent is conducted through the solution, 
thus producing a “fail-safe” condition. 
Once the overload is removed, the cell 
will operate in its normal manner. 


OFF CONDITION 


Fig. 2 


construction, with a phantom view of an en- 
ratings of this unit are 70 volts a-c at 15 amp. 


Ratings. Typical static control cells 
are rated at loads of 70 volts a-c (maxi- 
mum) and 3 volts a-c (minimum) per 
cell. Load currents are from the milli- 
ampere range to 15 amp for resistive 
loads. Present power ratings are up 
to 300 watts. The manufacturer is cur- 
rently working to improve the induc- 
tive load-carrying characteristics. Actu- 
ally, the current-carrying capacity of 
the cells is limited only by electrode 
surface area, cell size and the amount 
of heat which can be removed from the 
electrolyte. With present cells the max- 
imum frequency response is 1000 cps. 
“Make” time is 14 to 4 cycle at 60 eps, 
and “break” time is 12 to 3 cycles, com- 
parable to magnetic amplifiers. The 
break time may be closely controlled 
by the type and composition of the 
electrolyte. This feature makes the cell 
suitable for use as a time-delay relay, 


ON CONDITION 


External connections for a self-energized cell. 
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DESIGN TRENDS 


Fig. 3 
relay. 


Four-cell, four-pole static control 


Fig. 4—Miniature experimental versions 
of the Ovitron static-control device. 


because for a given cell and electrolyte 
the delay is constant. 

The IR drop across the electrodes, 
when they are in the conducting state, 
varies from 14% to 2 ohms, depending 
upon the cell type. Only at the instant 
of make is the impedance between 
load electrodes slightly more than this 
range. Temperature rise of the cell is 
55 C for the typical unit, which is 
From avail- 
able evidence, shelf life is unlimited, 
with actual improvement in conductivity 


rated 4 amp at 70 volts. 


with age; hence, the cells are aged as a 
part of the manufacturing process. 
Figure 2 shows how the cell may be 
self-energized by using two diodes for 
supplying low-current pulsating d-c of 
the proper polarity, from the source to 
be controlled, for energizing the control 
electrode. Interruption of the low-cur- 
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rent d-c will initiate the break condi- 
tion. Substitution of a variable resistor 
for the switch will allow the load eur- 
rent to be modulated by changing the 
resistance. 

A four-pole static control relay is il- 
lustrated in Fig. 3. Miniature relays 
are shown in Fig. 4. Any combination of 
NO or NC poles is possible. The mann- 
facturer is supplying limited quantities 
of cells to selected groups for evalua- 
tion. One trial application is to ma- 


Oc ) 


chine-tool program controls. 


Glass-Epoxy 
Copper-Clad Laminate 
Improves Design of 


Infrared Equipment 


A NEW glass-epoxy copper-clad lami- 
nate, GEC-500 CuClad NA, manufac- 
tured by Taylor Fibre Co., Norristown, 
Pennsylvania, is being used in in- 


frared airborne  photo-reconnaissance 


equipment. Circuit design has been 
improved, high-reliability performance 
has been achieved, and savings in as- 
sembling costs have been noted. The 
infrared equipment is now in ad- 
vanced pilot production by Haller, 
Raymond & Brown, Inc., State College, 
Pennsylvania. 

The adoption of printed 
was important to a completely new 
redesign of the aerial camera equip- 
ment. Miniaturization and modulariza- 
tion of design were prime consider- 
ations. The lighter, more compact pack- 
aging would greatly improve mobility 
utility of the equipment. 
make for 


circuits 


and thus 
Modularization would 


speedy, simple interchangeability of 
units, simplified maintenance and _ re- 


pair, and more reliable performance. 


Printed-cireuit panel made 
of new glass-epoxy copper- 
clad plastic laminate (Tay- 
lor Fibre Co.'s Grade GEC- 
500 copper-clad NA) for 
airborne infrared equipment. 


The printed circuitry was substi- 
tuted for conventional wiring in 23 
applications throughout the equip- 
ment. Design of the equipment for air- 
borne military operations under strict 
environmental conditions put severe 
limitations on the material selected for 
the etched panels. 

These included low moisture absorp- 
tion, high fungus resistance, high 
strength and good fabricating proper- 
ties. Finally, the application called for 
good dielectric properties and high in- 
sulation These require- 
ments narrowed the choice of possible 
panelboard materials at the outset to 
a relatively few grades. Investigations 


resistance. 


showed that Taylor's  glass-epoxy 
Grade GEC-500 CuClad NA met the 
requirements. 

In redesigning the old equipment 
to include etched circuitry, a reduction 
of 10 to 20 per cent in required space 
was achieved. It was also no longer 
necessary to adjust critical, low-sig- 
nal-level circuits individually for uni- 
form inter-wire capacitances. This 
facilitated interchangeability of units, 
improving reliability of field perform- 
ance. 

Also contributing to improved per- 
formance is the fact that printed cir- 
affected by vibration 
which, in aircraft, can jog loose con- 
ventional wiring and cause breaks in 
soldered joints. 


cuits are not 


Printed-circuit construction cut costs 
of assembly of panels as much as 30 
to 50 per cent. Assembly savings are 
paralleled by savings in maintenance 
and repair time, since modular con- 
struction around printed-circuit design 
permits fast replacement of panels in 
the field damage or circuit 
troubles arise. 


should 


The material may be copper bonded 
to the base laminate with or without 
adhesive. In this instance. adhesive is 
not used, the natural adhesive proper- 
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The most 


precise, 


sturdiest 
thermal relay 


ever built 


asus 


... from the leader in thermal relay design! 


Now, for missile environments and for all applications where greater precision is necessary, G-V Controls 
offers the revolutionary new PT Thermal Relay—the most precise thermal relay ever built! 


And the PT’s sturdiness is unequalled in thermal relays. It withstands missile vibration and shock far 


better than any other thermal relay. 


SPECIFICATIONS 


Time Delay: 3 to 60 seconds (Factory Set) 

Setting Tolerance: +5% (+% sec. min.) 

Temperature Compensation: Within +5% over —65°C. 
to. +125°C. range (+% sec. min.) 

Heater Voltages: 6.3 to 115 v. for delays up to 12 sec.; 
6.3 to 230 v. for longer delays. 

Power Input: 4 watts. Rated for continuous energization 
at 125°C. 

Contacts: SPST, normally open or normally closed. Rated 
2 amps. resistive at 115 v. AC or 28 v. DC. 


Write for Product Data Bulletin #PD-1015 


Insulation Resistance: 1,000 megohms 

Dielectric Strength: 1000 v. RMS at sea level. 500 v. RMS 
at 70,000 ft. 

Vibration: Operating or non-operating, 20 g up to 2000 cps 
Shock: Operating or non-operating, 50 g for 11 milli- 
seconds 

Unidirectional Acceleration: 10 g in any direction changes 
delay by less than 5%, 50 g by less than 10% with 
proper orientation. 

Weight: 2 to 2% ounces. 


G-V CONTROLS INC. 
Livingston, New Jersey 
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ties of the material being more than 
satisfactory. The material is readily 
flushed by pressing the circuit after 
etching to make it even with the panel 
surface. 

Hot-solder tests show no_ blistering 
when the material is floated copper- 
side-down in solder at 500 F for more 
than 20 sec. Oven tests show no blis- 
tering after subjecting the material to 
252 F for 30 min. O0O0O 


Mechanical Amplifier 
Offers Ruggedness 
And Sensitivity 


MECHANICAL INSTRUMENTS which 

measure flow, pressure, or temperature 

often require amplification of their 

outputs to position other devices such 

as recorders, encoders, or automatic 

controls. For this purpose the Ameri- 

can Meter Co., Garland, Texas, has 

developed a mechanical force ampli- 

fier (Fig. 1) which can be used to ad- 

vantage in certain applications to 

eliminate the need for electronic am- 

plifiers and servos. The device, whose 

operation may be compared to that of 

a variable-pitch lead screw, is very 

sensitive as well as rugged and flex- 

ible. Input can be less than 1 gm (0.04 

oz) and output force can be as large as 

500 gm (18 oz). 

As shown in Fig. 2, the force ampli- Fig. 3—Flow-rate transmitter utilizes force amplifier to amplify output of Bourdon tube 

fier consists of two parallel rollers static pressure gage. 


Pressure 
roller 


ower 


Fig. 1—Mechanical force amplifier is approximately 4 x 3 
3% in. Fig. 2—-Schematic of operation of force amplifier. 
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The precision manufacture of Merkle-Korff fractional 
horsepower geared motors is a ‘“‘plus’”’ value not ordinarily 
found in such general purpose industrial units. It makes 
Merkle-Korff units a wise investment, for assurance of un- 
interrupted performance is of paramount importance when 
unit cost may be less than the costof a service call or repairs. 

The original Merkle-Korff design concept of high output 
per pound electric motors combined with high efficiency 
spur gearing is further advanced by precision manufacture. 
Every step in processing, starting with materials engi- 
neering, motor assembly, gear blank fabrication, hobbing, 
heat treating and finishing, to the final precision metered 


lubrication of the sealed gear case, is rigidly controlled. 
Merkle-Korff guarantees precision manufacture with a 
statistical quality control program that consistently meets 
and exceeds the standard set, and a cooperative engineer- 
ing program with both prospective and present users of 
its fractional horsepower geared motors. 
Qualified engineering repre- 
sentatives available in all 
strategic industrial centers. 
Consultation on your needs or 
requirements is solicited. 
Phone, wire or write 


eS Se ee eee 


2ZTTINORTH MORGAN STREET * CHICAGO 7 + ILLINOIS 
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with a ring encircling one of them, a 
yoke which controls the ring’s position 
with respect to the rollers, and a fol- 
lower which contacts the ring between 
the rollers. Friction contact between 
the rollers and the ring is maintained 
by tension springs. One of the rollers 
is driven by an external power source 
(a sub-fractional hp motor) and the 
other roller acts to maintain pressure 
on the ring. The input motion is ap- 
plied to the control yoke and tilts the 
ring. The tilt causes the ring, which is 
being rotated by the roller, to move 
laterally along the rollers until it 
reaches a balanced or null position. 
The lateral motion of the ring is im- 
parted to the follower and carriage, 
thus providing the output motion. 

In comparing the force amplifier to 
noted that the 
angle of tilt of the yoke corresponds 


a lead screw, it is 
to the pitch of the lead screw. As the 
ring moves toward a balanced position. 
the angle of tilt becomes progressively 
smaller. Since the driving speed is con- 


Multiple Reactor 


Cores and Windings 


In Flexible 
Control System 


JOHN C. MONDAY and 
DONALD KREZEK 
Hevi-Duty Evectric COMPANY 
Milwaukee, Wisconsin 


IN THE USE OF CONVENTIONAL saturable 
reactors—for constant voltage supply, 
for instance 
able reactor is to alternately block and 
gate the load currents. During the 
intervals of blocking, the 
voltage is absorbed by the cores; the 


the purpose of the satur- 


supply 


blocking and gating phases are deter- 
mined by magnetic saturation of the 
reactor cores. Resulting load currents 
are heavily distorted as a necessary 
consequence, 

The Hevi-Duty “Selin” saturable reac- 
tor is a multi-unit device which acts as 


Phase 


Fig. 4 
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Twelve-unit, three-phase Hevi-Duty Selin multi-unit reactor used 


stant, the output force becomes pro- 
gressively larger as the pitch ap- 
proaches zero. Thus the amplifier de- 
velops its maximum force at the bal- 
ance or null position, the force being 
limited primarily by the friction be- 
tween the ring and the rollers. 
Change in input force necessary to 
reposition the control yoke can be as 
little as 0.3 gm. When the input force 
is removed completely, the ring and 
yoke return to one end of the scale 
due to the action of a bias force on the 
yoke. The bias is constant throughout 
the full range of travel and is obtain- 
ed by setting the follower-to-ring con- 
tact point either above or below the 
plane of the roller axes so that the 
output load tends to tilt the ring. In 
maintaining a static position, the input 
force overrides the bias and prevents 
any change in the position of the ring. 
The bias improves the accuracy of the 
amplifier by eliminating all clearance 
between the ring and the yoke. To as- 
sure a constant bias, a parallelism ad- 
justment for the rollers is provided. 
Output load may vary up to 40 per 
cent from the maximum rated load 
with less than 0.002 in. error in output 


an adjustable linear reactor whose re- 
actance is adjustable by a d-c control 
current.* The degree of linearity and 
harmonic distortion of the load current 
is controllable by design to provide 
almost any desired load-current wave- 
form including sinusoidal. 

In the multi-unit reactor the load- 
current waveform is made up of a series 
of smaller, rectangular waveforms, of 
which the size and number are con- 
trollable in design. The square wave- 
form currents of a number of saturable 
reactors, Fig. 1, are added to give a 
stepped waveform, Fig. 2. The actual 
load-current waveform can be more as 
shown in Fig. 3 as a consequence of 
the effects of real core-material satura- 
tion characteristics and of winding de- 
sign parameters. The number of units 
employed in a multi-unit saturable re- 
actor determines the number of rec- 
tangular segments in the output wave- 
form, so that a reactor can be furnished 


* A detailed explanation of the theory of operation 
for the multi-unit reactor appears in AIEE Transa 
tions, Vol. 75, Part III, 1956, pp 863-871. 


aerate. 


0 
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Unit 3 j Unit Unit 6 


position with a fixed input. Where the 
output load is constant within 10 per 
cent, little error in load positioning 
will be experienced. The output force 
is transmitted through a_ stranded 
stainless-steel cable which must be 
kept in tension at all times. Output 
reproduces input motion within 0.001 
in. with a constant load, and repeata- 
bility is within 0.001 in. Useful input 
and output travel is 2.00 in., with ap- 
proximately 1/16 in. overtravel at 
each end. 

The external power source may be 
at any speed from 50 to 300 rpm and 
must deliver 2 oz-in. of torque to the 
shaft. The amplifier operates in an oil 
bath to provide long life for all moving 
parts. 

Typical application is in the “P 
Delta P” transmitter shown in Fig. 3. 
Static pressure in a gas line is meas- 
ured in the Bourdon tube in the upper 
left corner and amplified in the force 
amplifier in lower right. Output of 
amplifier drives multiplier linkage in 
which static pressure is multiplied by 
pressure drop across an orifice to ob- 
tain flow rate, which is output of 
transmitter. OOO 


Fig. 1—Two-core saturable reactor with 
square-wave current, 


Fig. 2—Theoretical addition of a number 
of square waves, using multi-core reactor. 


Fig. 3—Actual multi-unit reactor current 
waveshape. 
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in rail-welding voltage-regulation system. 
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with new 
free-aligning 


*PATENT APPLIED FOR 


C announces a new, improved 

f-pole, shaded pole motor featuring 

; F free- -aligning Universal Bearing that 

oinitttes Hoctiona! hp motor bearing problems due 

to misalignment. With the axis of support in the center rather than at the end, and utilizing 

only the shaft itself for alignment, the new bearing is inherently in balance and can adjust 

to any shaft misalignment 100% of the time under any load conditions. The new bearing 

assembly provides longer bearing life, better lubrication . . . makes the Type 118 an easier 

starting motor that runs without a whisper of sound. More rugged and precision built from 

highest quality materials, the Type 118 is ideal for an unlimited number of applications 

that require maximum dependability with a minimum of maintenance, including kitchen 

ventilators, tape recorders, unit heaters, refrigeration equipment, window fans, record 
players, pump units, etc. 


Write for complete information on the UNIVERSAL ELECTRIC Type 118 
fractional H.P. motor and the new free-aligning Universal Bearing. 


(CY UNIVERSAL ELECTRIC COMPANY 


PRECISION ELECTRIC MOTORS 


; EXECUTIVE AND GENERAL SALES OFFICES: OWOSSO, MICHIGAN, DEPT. 14 
—- 
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to provide any required degree of con- 
formity to a sinusoidal or other wave- 
form. 

The application of the multi-unit 
saturable reactor to a difficult voltage- 
regulation problem encountered in the 
electrical welding of rails illustrates 
the principle of operation. Since such 
welding is often utility 
power is not available, an engine-driven 
generator is used as the primary elec- 
trical power source. In a typical rail- 
welding the welder draws 
900 amp at 460 volts, three phase, 
in a cycle of 1-sec-on/1-sec-off for a 
period of 14 sec. Since welding of 
rails is done with d-c, Ignitron recti- 
fiers are used. These rectifiers are dam- 
aged by excess voltage, which imposed 
a rigorous voltage-control requirement 
on the welding The fastest 
electromechanical regulators available 
cannot operate with enough speed to 
hold a generator’s output voltage during 
the rapid cycling of the welder. A pro- 
posed solution was to use an auxiliary 
reactive load which would draw maxi- 
mum current with the welder off and 


done where 


process, 


system. 


a minimum when the welder was func- 
tioning, with a time short 
enough to hold the generator output 
voltage below the critical 485 
during the rapid cycling of the welder. 
Analysis showed that the auxiliary re- 
active load would have to operate over 
a 10:1 range of current as the a-c 
terminal voltage changed by 4.4 per 
to draw 500 amp 
when the welder was idle and 50 amp 


response 


volts 


cent—for instance, 
with the welder operating. 

\ conventional shunt-connected satu- 
rating used as an auxiliary 
load satisfactory, since it 
operated with a current range of only 
4:1. Capacitors might flatten the volt- 
ampere characteristic, but it has been 
shown that the saturating reactor and 
series capacitor system becomes un- 
stable would be unsuitable.t A 
second set of saturating reactors was 
constructed to be as perfect as possible, 


reactor 


was not 


and 


with gapless cores and toroidal coils. 
The current waveshapes were so dis- 
torted from sinusoidal that it was evi- 
dent that the use of series capacitors 
would still lead to instability. 

A Hevi-Duty Selin multi-unit reactor 
was then adopted, used as a shunt 


reactor drew 500 amp at 455 volts and 
50 amp at 435 volts, maintaining the 
generator output voltage within a 20- 
volt band and always below the critical 
485-volt level. The three-phase reactor 
for this application consisted of 12 
core-and-coil units connected as shown 
in Fig. 4. Each core carries the three- 
phase windings and all of the core- 
and-coil units are identical. At any one 
time, 10 of the core units are saturated. 
Of the remaining two cores, one is 
going from negative to positive satura- 
tion and the other from positive to 
negative saturation. During this interval 
these two core-and-coil units act as 
transformers between the phase cur- 
rents; the turns ratio of the coils de- 
termines the net current drawn by the 
reactor during the switching interval. 
The multi-unit reactor begins to control 


within the cycle in which a disturbance 
occurs, giving a response faster than 
the regulation response time of even a 
fast generator voltage-regulating sys- 
tem. By the selection of turns ratio 
on the core-and-coil units, a sine wave 
can be synthesized as a sequence of 
multiple steps of current. A typical 
voltage-current characteristic of a 
multi-unit reactor circuit is shown in 
Fig. 5. In Fig. 6 is shown a circuit 
using the multi-core reactor principle 
to maintain line voltage during the 
starting period of large motors. 

The multi-core reactor can be used 
for control applications if a d-c control 
winding is added to each core. Such 
a device would be an electrically ad- 
justable linear reactor with a constant 
waveshape for all levels of operation. 
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6% voltage drop causes 90% current drop 
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ing system. 


Input auto- 
transformer 


550/575/600 volts 
Three-phase, 60 cycle 


Series capacitors -——— 
& capacitor 
transformers 


Hevi-Duty Selin 


Series reactors 


Circuit and characteristic multi-unit reactor and series-capacitor voltage-regulat- 


Output oauto-transformer 


e 


30kva, 208 volts 
Three-phase, 60cyc 





multi-unit saturable 


Shunt capacitors 


Fig. 6—Multi-unit reactor voltage-regulating system used in connection with radar 
tracking motors to control line voltage which experiences extreme dips during the 
frequent starting of the motors. The Hevi-Duty Selin reactor and the shunt capacitor 
bank have approximately the same kvar rating. A small reduction in line voltage will 
change the current in the multi-unit reactor by a large amount (see Figure 5), 
and this produces a large current change in the series reactor. The voltage across 
the series reactor as a consequence rises and counteracts the original line-voltage drop. 
The regulator begins to operate within the cycle in which the disturbance occurs and 
holds the bus voltage change to 2 per cent after the first cycle. Without the regulator 
the line voltage would dip 15 to 18 per cent and be unstable for 10 cycles. 


auxiliary load. Series capacitors could 
be used since the current waveform was 
sinusoidal, but in many applications 
the extremely flat volt-ampere charac- 
teristic of the multi-unit reactor makes 
the use of capacitors unnecessary. For 
the rail-welding system the multi-unit 


+ Magnetic 
Wiley & 


Amplifiers, H. F. Storm, p 496, 
Sons, New York (1955). 
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en 2h as 
LOW COST 
EYELETS 


P av aN z . NEW FUNNEL FLANGE eyelets designed especially as connectors for 
FE velets give you unlimited opportunities for savings PW boards. Solves two-sided circuitry and solder problems. Speeds 


as connectors, fasteners, terminals, bushings, contacts insertion. Are fed and set automatically on United Machines. 
for switches and hundreds of similar applications. Only 

with United Eyelets do you have such a wide choice of 

standardized sizes, special designs for cutting costs on 

unusual production problems, combined with a com- 

prehensive line of the most versatile eyelet setting ma- 

chines available. 

in no other way can you get the flexibility obtainable 
with eyelets at comparable installed costs. Call or write 
us today for more information. Our national sales and 
service organization is ready to help with your most 
challenging problem. 


NEW MINIATURIZED EYELETS os CUT COSTS WITH SHEARED EYE- 
connectors and fasteners for low cost, LETS as stand-off terminals. Set as 
high speed insertion in components, PW many as 3000 terminals per hour. 
boards, miniature equipment. Designed Cuts soldering time too. 

for high speed automatic feeding with 


United Machines. Copper or brass 
Simultaneous multiple eyeleting from either or both sides of machine. 


Typical six eyelet application illustrated. 50 years’ experience is your 
assurance of complete dependability. 


Standerdized 
Eyelets 


onty sets 
of tools for 
all 65 sizes 


UNITED SHOE MACHINERY CORPORATION 
NEW EYELET SELECTOR — FREE Boston 7, Massachusetts * Liberty 2-9100 


Branches; Atlanta, Ga. © Chicago, Ill, ¢ Cincinnati, Cleveland, Columbus, Ohio « Dallas, Texas * Harrisburg, Pa. ¢ Johnson City, N. Y. © Los Angeles, Calif. 
Lynchburg, Vo. ¢ Milwaukee, Wisc. © Nashville, Tenn, ¢ New York, N. Y. © Philadelphia, Pa. « Rochester, N. Y, ¢ St. Lovis, Mo, 
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FIRST 


and the last word in 


SIGNAL LIGHTS 


The first company that offered miniature glow 
lamps for every application. Signalite has maintained a repu- 
tation through its 20 year history as always having the last 
word in developments for all the industries it serves. The last 
word always . . . maintained by constant research and experi- 
mentation in all the rare gases that can be employed in glow 
lamps. A complete line of stable, brighter glow lamps, from 
simple indicating pilot lights to complex units for electronic 
purposes. Write for free file folder of complete information 
for appliance, electrical, and electronic industries. 
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Joint Factors in 
Stacked Magnetic-Core Design 


(Continued from page 123) 


measured for the 24-gage core was due to the higher 
joint ampere-turns associated with thicker laminations. 

The joints of cores made of Oriented M-6X are seen 
in Table III to require a higher percentage of the total 
ampere-turns measured for the cores than is required 
for the joints of cores made of hot-rolled material. The 
high degree of orientation in Oriented M-6X causes a 
larger percentage of the total flux to transfer across the 
interlaminar air gaps in an effort to avoid high-reluc- 
tance paths in portions of the magnetic circuit. The 
superior magnetic properties in the parallel-grain di- 
rection and the joint ampere-turn requirements of cores 
made of Oriented M-6X are such that for any particular 
core size and induction the total measured ampere-turns 
(sum of Tables I and II) are lower for Oriented M-6X 
laminations stacked 3x3 (poorest stacking) 
hot-rolled silicon stacked 
stacking). 

From the curve, Fig. 4B, it is evident that the TRAN- 
COR A-6 laminations were punched from a portion of the 
material having substantially better magnetic quality 
than that from which the Epstein specimens were sheared. 
There is also some evidence that the 29-gage TRAN-COR 
A-6 material was somewhat oriented, inasmuch as the 
core-material ampere-turns per in. lower than 
would normally be expected and in that the joint ampere- 
turns were higher for the 29-gage cores than for the 


for 
( best 


than 


steel laminations Ix] 


were 


26-gage cores. These higher joint ampere-turns in the 
29-gage cores could very well be the result of a larger 
proportion of the total flux transferring across the inter- 
laminar gaps in the manner of Oriented M-6X cores 
and/or the result of slightly greater interlaminar spacing 
in the cores from the 29-gage material. 

The DI-MAX M-22 and DI-MAX M-27 grades were 
spot checked at several inductions in 26 gage only 
because time limitations did not permit the perform- 
ance of sufficient tests for construction of the joint 
ampere-turn curves. However, there were indications 
from these limited data that the joint ampere-turns for 
the DI-MAX M-22 and DI-MAX M-27 cores corresponded 
approximately to those for the DI-MAX M-19 cores. 

Several sizes of E and I laminations punched from 
Oriented M-7X were stacked 1x] and tested in the labor- 
atory in 1950 for total rms exciting ampere-turns. This 
was one of the few occasions when tests happened to be 
performed on a multiple of lamination sizes punched 
from the same material. The core-material ampere-turns 
per in. were calculated from the recorded test data for 
the 84 in. and 11% in. E-I cores at 4 and 6 kilogauss. 
These calculated values were observed to check within 
3.5 per cent and 2 per cent, respectively, of the pub- 
lished parallel-grain Epstein values for Oriented M-7X 
produced at that period of time. Oooo 
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the materials and laminations. Note: This article is adapted from 
material originally presented in AIEE Conference Paper No. 
CP-58-369, February 3, 1958. 
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EXTENDED-LIFE 
TUBULAR 


ELECTROLYTICS 


... the newest and most 
reliable miniature tubular aluminum 
electrolytic capacitors made! 


Now... for the first time... an extended-life electrolytic © Special Construction 
in miniature tubular case styles. Sprague’s New Type 40D 
Extended-Life Electrolytics are designed to give more than 
10 years of service under normal operating conditions 
in actual circuit applications. 


Type 40D capacitors are specially con- 
structed to assure freedom from open cir- 
cuits even after extended periods of 
operation in the millivolt signal range. 
Ultra-low leakage currents are the result 
of special design and processing techni- 
ques based on the use of the highest 
purity anode and cathode foils. 


© Broader Application 


Though similar in many respects to 
Sprague’s famous extended-life electro- 


lytics for telephone and communications ine A b 
systems, these capacitors have the added © Hand or Machine Assembly 


advantage of low temperature character- 
istics previously unavailable in an alumi- 
num electrolytic. As a result, Type 40D 
offers much broader industrial and mili- 
tary application. 


For applications which require an insu- 
lated case, Sprague furnishes an outer in- 
sulation of either flexible plastic for hand 
assembly or rigid phenolic for machine 
insertion on printed wiring boards. 


Get details on Type 40D Extended-Life Electrolytics by 
writing for Bulletin 3205 to Technical Literature Section, 
Sprague Electric Co., 307 Marshall St., North Adams, Mass. 


SS 


THE MARK OF RELIABILITY 


SPRAGUE COMPONENTS: 
CAPACITORS ¢ RESISTORS +* MAGNETIC COMPONENTS e¢ TRANSISTORS ¢ INTERFERENCE FILTERS e« PULSE NETWORKS 
HIGH TEMPERATURE MAGNET WIRE e CERAMIC-BASE PRINTED NETWORKS e¢ PACKAGED COMPONENT ASSEMBLIES 
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SUBMINIATURE 
TOGGLE 


For simple 

or complex 

circuit controls — 
single-pole to eight-pole, 
double throw. 


Choice of 

two-, three-, or five-position toggles 
in various combinations 

of momentary and 

maintained actions. 


Basic switches 
meet MIL-S-6743 
and MS-25085-1. 


Electrical Ratings 

3 amps. 30 v.d-c, 
inductive 

5 amps. 30 v.d-c. 
resistive 

5 amps. 125/250 
volts a-c. 


je ' 
_ 

Free = 
Catalog 159 " | o = | 


describes 
complete line savant 
of UNIMAXx om 


subminiature in 
switches. \e.— 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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R & D Progress in 
Uitrahigh-Temperature 
Dielectric Materials 


(Continued from page 152) 


runs will be made with the best of the phosphate-bonded 
alumina compositions. The effects of a combination of 
glycerin and colloidal silica on a slurry will be deter- 
mined. Alumina slurries may be further modified with 
synthetic mica, boron nitride and possibly with clay. 
Coating. predominantly of mica and boron nitride, will 
be prepared also. The “platey” materials lend themselves 
to extrusion because of their favorable orientation paral- 
lel to the wire core. 

Mechanical and electrical tests will be conducted on 
the most promising materials and cables. 


Magnet Wire 

Anaconda Wire and Cable Company is engaged in 
developing for the Bureau magnet wires which will be 
capable of withstanding normal winding stresses and, in 
use, will be suitable for 500 C operation for extended 
periods of time. This project has been pursued since 
August 1958. 

The contractor is developing both enameled wire and 
glass-fiber-covered wire. In each case, the inorganic con- 
stituents are initially held in place by organic bonds. 
Upon completion of the winding process, the units are 
heated to a sufficient temperature to (1) completely re- 
move the organic bond, (2) melt the inorganic bond, 
and (3) consolidate the coil. 

Many of the available forms of glass and other in- 
organic materials are being considered in this investi- 
gation. Special glass formulations exhibiting unusual 
characteristics (electrical, mechanical, chemical, and 
thermal) are being evaluated. 

Conductors are also being screened. The two major 
factors to be controlled in this area for constant con- 
ductivity throughout the life of units operated at 500 C 
are: (1) surface oxidation and (2) ion migration or 
alloying. Copper must be protected from factor (1) and, 
when this is done, the protective material must not alloy 
with the copper. Several conductors are being given 
long-time tests at present. 

Electrical measurements are being made on the in- 
sulating components and on tthe finished wires at tem- 
peratures exceeding 500 C and at pressures equivalent 
to specified high altitudes. 


General Summary 

The Bureau of Ships-sponsored research and develop- 
ment contract activity on ultrahigh-temperature dielec- 
trics reported here has increased several-fold in the last 
vear alone. The program is expected to be continued 
during the next several years. It is hoped to have ma- 
terials in all of these fields available for trial use in 
electronic components within three or four years: pot- 
ting compounds, embedding compounds, capacitor di- 
electrics, r-f cable dielectrics and magnet wire. O O O 
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TYPE OF CLAD WIRE 


SEALING WIRES 


52 Alloy Clad Copper 


Dumet 
Copper Ciad 42 Alloy 


Copperweid 
Copper Clad Steel 


Soft-glass sealin, i 
- 1s material f 
tronic tubes, semiconductor aaan 


Hard-glass sealin 
metically sealed 


High-conductivit i 
YY, high-st 
side rods in electronic a Sia 


Kulgrid® 64 


Nickel Clad i 
Copper High-temperature conductor 


HIGH 


Aluminum Ci, 
jad Copper Resistivity—13.0 ohms/cir. mil ft. @ 68°F 


Kulgrid® 28 
Nickel Clad Copper 


Inconel Clad Copper 


Oxalloy* 28 
Stainiess Stee! Clad Copper 


Resistivity—13.85 ohms/cir. mil ft. @ 68°F 


Resistivity—14.6 ohms/cir. mit ft. @ 68°F 


Resistivity—16.0 ohms/cir. mit ft. @ 68°F 


Resistivity—11.3 ohms/cir. mil ft. @ 68°F 


id-in wires of elec- 
ces and lamps. 


& Material for lead-in wires f 
‘ ‘or . 
electrical and electronic anaes 


erial for grid 


Coeff. of exp. 102 x 10°? in./in./°C 


Coeff. of exp. 11.7 x 10°¢ in./in./°C 


Coeff. of exp. 60 x 10°” int¥in./°C 


ty 27.0 ohms/cir. mil ft. @ 


-TEMPERATURE CONDUCTORS 


Operating range—up to 1000°F 
Operating range—up to 1100°F 


SYLVANIA offers the most 
complete line of CLAD WIRES 


Sylvania Clad Wires are in increasing demand 
in electrical and electronic manufacturing 
where single-metal or one-alloy wires cannot 
meet the requirements . . . particularly in high- 
stress, high-temperature, high-conductivity 
applications. 

Unlike plating, the Sylvania cladding pro- 
cess literally slips a tube of one metal over a rod 
of another metal and draws them out together 
into a wire combining the qualities of both 


metals. These wires maintain exact ratios of 


core material to cladding material . . . each can 
be held to as little as 10% or as much as 90% 
of the finished wire. 


These wires are far more uniform than plated 


¥SYLVANIA 
Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
Circle 183 on page 17 
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wires. Alloy cladding over base-metal cores is 
perfectly practicable. Listed above are the Clad 
Wires now available in sizes from .500” to 
.001’’, either in stock or in process for fast 
finishing. 

All of the wires listed above are standard 
production items . . . the largest line of in- 
process clad wires available from any supplier. 
Other clad wires can be supplied to order. 

Sylvania produces precision fine wire in all 
three types: plated, alloy and clad. Our wealth 
of experience with all three is at your disposal 
at any time. Contact your Sylvania represent- 
ative or write to: Sylvania Electric Products 
Inc., Parts Division, Warren, Pa. 


Custom Molded Plastics 
Custom Metal Stampings 
Custom Welded Parts 
Custom Assemblies 
Alloy, Clad, Plated Wire 
Plated Metal Strip 
Electronic Components 
Fluorescent Components 
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one 
word 
more 
about 
the 


Amperex 
6CA7/EL34 
OUTPUT 
PENTODE 


NNN 


NLT 
a cman 


at 
WATTS 


(Class AB:) 


We are pleased to 
announce that as a result of the further 
exploration of the 6CA7’s capabilities 
...its power output rating has been 
raised to 60 watts in a distributed load 
circuit. This was achieved by increasing 
the screen grid voltage to 500V. The 
screen voltage rating now equals the 
plate voltage rating, thus greatly sim- 
plifying the design of power supplies. 

SARA RRR) AAS NE DERRY SI 


Class AB, Audio Amplifier 
Distributed Load Connection 
Typical Operation 
(Fixed Bias —Two Tubes Push Pull) 
Plate Supply Voltage........ ..500V 

Grid No. 2 
Supply Voltage 
Grid No. | Bias... 
Plate to Plate Load Resistance 
Plate and Grid No. 2 Current 
(Zero Signal) 
Plate and Grid No 
(Max. Signal) 
Input Signal Voltage (rms) 
Power Output 
Harmonic Distortion .. 
NOTE: Screen voltage is obtained from 
taps located at 43% of the plate winding 
turns. An unbypassed resistor of 1KQ in 
series with each screen grid is necessary 
to prevent screen overload 


..(See Note) 500 V 
(approx.) —44.5 V 
..7000 2 


5 .2x57 mA 
2 Current 
.2xl12mA 


ask Amperex 


about detailed data and 
applications engineering 
assistance on hi-fi tubes 
for hi-fi circuits. 


AMPEREX ELECTRONIC CORP. 
230 Duffy Avenue, Hicksville, L. 1, N. Y. 
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| ques; 
| ception Methods. 


| The 


TAPCO. 


| Co.; 
| 


| NMTBA 


| mittee Report. 


Stewart, 
| Trends in A-C Motor Design and Ap- 


Association Activities 


Space and Telemetry Symposium 


The IRE National Symposium on 
Space Electronics and Telemetry will 
be held in San Francisco, at the Civic 
Auditorium and Whitcomb Hotel, Sep- 
tember 28 through 30. The 
follows: 


technical 
program 
0 

, 


September 28 Sessions: 


Space Electronics, Communications; 


| Data Processing Systems and Techni- 


Propagation Problems and Re- 


September 29 Sessions: 


Commutation; Data Acquisition and 
Conversion; Space Electronics, Instru- 
mentation. 


? 


September 30 Sessions: 


Telemetry Systems and Techniques: 
Ground Station Equipment; Telemetry 


| Components and Techniques. 


AIEE Machine Tool Conference 
Planned for October 

Machine Tool 
Conference sponsored by the AIEE 
will be held October 19, 20 and 21, 
1959, in Cleveland, Ohio at the Shera- 
ton-Cleveland Hotel. Tentative program 
follows: 


Eleventh Annual 


Monday, October 


Morning—8:00, registration; 
plant visits to J & L 


19: 


9:00, 
Steel Corp. or 
Afternoon — “Applications of the 
Process of Roll Flowing,” W. H. 
Busch, Lodge & Shipley Machine Tool 
“New Processes for Tape Pre- 
paration for Numerically Controlled 
Machine Tools,” Samual Matsa, IBM; 


Electrical Standards Com- 


Tuesday, October 20: 


Morning—*“Printed Circuit Motors,” 
R. P. Burr, Printed Motors, Inc.; “Rec- 
tiflow Machine Tool Applications,” 
E. C. Watson, Westinghouse Electric 
Corp.; “Machine Tool Applications of 


| Static Adjustable Speed Drives,” W. K. 


Boice, General Electric Co.; “New 


| Electric Products for Machine Tools,” 


manufacturers. 
“Position and Rate Con- 


by seven electrical 
Afternoon 


| trol of Infeed on a Centerless Grinder,” 
| P. Ohringer, 
| “Numerically 


Cutler-Hammer, Inc.; 
Controlled Template 
Grinding and Turning Machine.” G. D 


Ex-Cell-O “Modern 


Corp.; 


plication,” R. J. Dineen, Allis-Chalmers 


Mfg. Co. 
W ednesday, October 21: 


Morning—“Benefits of Statistical 
Specifications and Acceptance  Test- 
ing,” H. France, Pratt & Whitney Co.; 
“New Electric Products for Machine 
Tools,” by electrical manufac- 
Experiences with 
Cybernetic Control on Automated Ma- 
chine Tools.” K. Sheffer, Ford Motor 
Co.: “A Ten Year Look into the Future 
of Machining.” M. E. Merchant, Cin- 
cinnati Milling Machine Co. 

Afternoon 


four 


turers: “Operating 


field trips. 


AIEE President Elected 


The election of J. H. Foote of Jack- 
son, Mich., as 1959-60 president of 
AIEE was announced at the opening 
general session of the Institute’s Sum- 
and Pacific General Meeting in 
Seattle. Mr. Foote is chief engineer of 
Commonwealth Associates and a direc- 


tor of ASA, 


mer 


Aircraft and Space 
Electronics Techniques 


Space techniques will share emphasis 
aircraft four 
classified and ten unclassified sessions 
scheduled for the Sixth Annual East 
Coast Conference of the IRE Aeronau- 
tical Navigational Electronics 
Group to be held in Baltimore, Md, 
October 26 through 28, at the Lord 
Baltimore Hotel. 

Unclassified session topics are: (Oc- 
tober 26) Communications, Navigation ; 
(October 27) Antennas, Space Prob- 
lems; (October 28) Human Factors, 
Doppler, Radar, Circuits and Techni- 
ques. There will be two panel discus- 


with requirements at 


and 


sions on the final day. 

Classified session topics are: (Oc- 
tober 26) Airborne Radar and Associ- 
ated Test Equipment, Advanced Radar 
Techniques; (October 27) Phased 
Array Radars, CW Radar Techniques. 


West Coast Electronic 
Manufacturers Change Name 
The West Coast Electronic Manufac- 
turers Association has changed its 
name to the Western Electronic Manu- 
facturers Association to reflect the 
growth of the industry in all eleven 
Western states. 


Etched Circuits Society Elects 


Dr. Paul H. Margulies, manager of the 
metals section at the Central Research 


ELECTRICAL MANUFACTURING 





Where can you use an ESNA Clinch nut? 


TO PROVIDE LOAD-BEARING THREADS IN 
THIN SHEET METAL... | 


In sheets as thin as .030’, ESNA clinch nuts give you threads 
where you need them. This switch assembly is a typical appli- 
cation of ESNA miniature clinch nuts. - 


Why an ESNA Clinch nut? 


The reasons are simple: 


The ESNA clinch nut line includes sizes, shapes and ma- 
terials to fit any possible application. For example: 


PREFERRED INSTALLATION METHODS 


1. A weight-saving nut with very small dimensions that can 
be mounted “flush” in sheets as thin as .030”. (See the 
new miniature clinch nut designs on Pages 12, 14 of De- 
sign Manual No. 5803). 


A part with non-magnetic characteristics . . . or with full 


self-locking reliability at temperatures as high as 900° EF 

“‘Vanue” Teacdee” sidedoes (Check ESNA’s A286 stainless steel miniatures on Page 

prototype assembly. provides highest 15). 

(Not recommended quality installation 
for volume production). and reliability. A capped type of clinch nut that will keep screw threads 
free from potting compounds; or that can be used to pro- 
tect vital wiring from abrasion by protruding screw ends. 
(ESNA shows a full line of nylon or metal capped clinch 
nuts on Pages 10, 11, 13). 


ESNA Clinch Nut Design Manual, No. 5803, 

will give you complete details on the full ay 
line of ESNA Clinch Nuts. Write to Dept. —o 
$39-922 for your free copy today. 


USE A HAND RIVETER USE AN ARBOR PRESS 7 4 Ev 
—pressure applied or comparable light -_ g & @ o -8 


by a gradual ower press. 
 eotaeae . " Type Type Type Type Type Type 
NC NCK NCFM LHCFM NKCFM NKC 


The ESNA line offers two locking devices: 


The famous red nylon locking collar for application at temperatures to 
250° F.; and the offset locking oval for applications up to 550° F. and 900° F, 


ELASTIC STOP NUT CORPORATION OF AMERICA 


2330 Vauxhall Road, Union, New Jersey 
$39-922 for your free copy today 
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ELECTRICAL ENGINEERS: 


here’s your kind of watch 


It's the new Hamilton Electric*, de- 
veloped for today's world of increased 
efficiency through electrical design. 


The Hamilton Electric is amazingly 
accurate and needs less care than any 
watch you've ever owned. A miniature 
energy cell replaces the mainspring and 
powers the Hamilton Electric without 
winding or wrist motion of any kind. 

Now's the time to retire your old- 
fashioned, spring-driven watch and 
step up to a Hamilton Electric. Your 
jeweler has them. For free color bro- 
chure write: Dept. EM-9, Hamilton 
Watch Company, Lancaster, Penna. 


%* Patented in U. S. and other countries 


HIANIILTON 
— 


Circle 186 on page 17 


Calendar of Meetings 


Sept. 2-4 Cryogenic Engineering 
Conference, University of California, 
Berkeley, Calif. 


Sept. 14-18—General Assembly of 
the International Federation of 
Automatic Control, Edgewater Beach 
Hotel, Chicago. 


Sept. 15-16—7th Annual Human 
Engineering Conference, sponsored 
by the Office of Naval Research, 
Hughes Aircraft Co., Culver City, 
Calif. 


Sept. 16-17 American Die Cast- 
ing Institute, annual meeting, Edge- 
water Beach Hotel, Chicago. 


Sept. 17-18—-Annual Human Fac- 
tors Society Meeting, University of 
California, Los Angeles. 


Sept. 17-18— IRE Engineering 
Writing and Speech Symposium, 
Boston, Mass., and Washington, 
D. C. simultaneously. 


Sept. 20-25 — Instrument Society 
of America, annual conference and 
exhibit, Chicago amphitheater, Chi- 


ag 
cago, 


Sept. 21-22-——Standards Engineers 
Society, annual meeting, Hotel Som- 
erset, Boston, Mass. 


Sept. 23-25 — Special Technical 
Conference on Non-Linear Magnet- 
ics and Magnetic Amplifiers (spon- 
sored by IRE and AIEE), Shoreham 
Hotel, Washington, D. C. 


Sept. 28-30—IRE National Sym- 
posium on telemetering, Civic Audi- 
torium and Whitcomb Hotel, San 
Francisco. 


Sept. 30-Oct. 1—Industrial Elec- 


tronics Symposium (sponsored by 


Laboratories of Food Machinery and 
Chemical Corp., Princeton, N.J., has 
been chosen president-elect of the 
Etched Circuits Society. He will serve 
on the executive board during the com- 
ing year and will then take office as 
president in September 1960. The soci- 
ety covers all phases of printed-circuil 
design and production. 


International Federation of 
Automatic Control 


Membership in IFAC has grown to 22 
national organizations concerned with 


IRE and AIEE), Mellon Institute, 


Pittsburgh, Pa. 


Oct. 5-7—Sth Aeronautical Com- 
munications Symposium (sponsored 


by IRE), Hotel Utica, Utica, N.Y. 


Oct. 5-9—Audio Engineering Soci- 
ety Convention, Hotel New Yorker, 
New York City. 


Oct. 6-7—Conference on Value 
Engineering (sponsored by EIA 
Engineering Dept.), Museum Audi- 
torium, University of Pennsylvania, 
Philadelphia. 


Oct. 6-8—Radio Interference Re- 
duction and Electronic Compatibility 
Conference (sponsored by USS. 
Army Signal Research and Develop- 
ment Laboratories), Museum of 
Science and Industry, Chicago. 


Oct. 7-9—IRE Canadian Conven- 


tion, Toronto, Canada. 


Oct. 12-14 —15th National Elec- 
tronics Conference,. Hotel Sherman, 
Chicago. 


Oct. 26-28 —Annual Meeting of the 
Conference on Electrical Insulation, 
Pocono Manor Inn, Pocono Manor, 
Pa. 


Oct. 26-28 East Coast Aeronau- 
tical & Navigation Electronics Con- 
ference (sponsored by IRE), Balti- 
more, Md. 


Oct. 29-31-1959 Electron Devices 
Meeting (sponsored by IRE), 
Shoreham Hotel, Washington, D. C. 


Oct. 30-Nov. 1—American Society 
of Refrigerating Engineers, Semi- 
Annual Meeting, Traymore Hotel, 
Atlantic City, N.J. 


the field of automatic control. Informa- 
tion bulletins on the Federation are 
distributed by the Secretary of IFAC, 
79 Prinz-Georg-Strasse, Dusseldorf, Ger- 
many. 


Professional Engineers 
Elect President 


The National Society of Professional 
Engineers has elected Harold A. Mosher 
president. Mr. Mosher, associate direc- 
tor of engineering at Eastman Kodak 
Co., has been a director of the national 
society. 
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When you buy Motor Starters —-— 


YOU PAY FOR OVERLOAD PROTECTION 
3E SURE | 
YOU GETT 


1-PIECE CONSTRUCTION 


Heat-responsive element 
(solder pot) provides ac- 
curate response to over- 
load, yet prevents nui- 
sance tripping. 


Heat-producing element 
is an integral part of 
overload unit. It's per- 
manently joined to sol- 
der pot, can’t become 
misaligned. 


Only ONE-PIECE Overioad Relays can give 100% 
Protection Only with ONE-PIECE construction 
can you know you've installed the heater correct- 
ly. Only with ONE-PIECE construction can you 
know the heater is exactly centered, or properly 
positioned, so that it performs according to its 
rating. Only with ONE-PIECE construction can 
you know your starters will not operate without 
the thermal units properly installed. Only with 
ONE-PIECE construction can you know your 
motors have full protection. 


o> 


Let your Square D Field Engineer show you 1 how one- 
piece construction is accomplished and how easy it is 
to mismatch separate heaters and solder pots— 2 an en- 
durance tester to prove that overload units can be reset 
repeatedly without damage while the solder is liquid 
— 3 a tripping time tester to compare various types of 
melting alloy units and to prove that tripping time won't 
change after repeated operation. 


Only Square D has ONE-PIECE Construction 
ONE-PIECE construction eliminates any possi- 
bility of heater misalignment. Square D melting 
alloy thermal overload relays can be installed 
only one way. They are tamper-proof. They are 
factory-assembled, are individually calibrated 
and tested. Repeated tripping will not affect 
their accuracy. 


Insist on Square D starters with 
melting alloy thermal overload relays 


Individual factory inspection of every Square D melting 
alloy thermal overload relay means performance you 
can trust. Each unit is calibrated and thoroughly tested 
to make sure it will perform according to its rating. 


While tor Bulletin SM-275 for the complete story on Square D starters with ONE-PIECE thermal 
overload relays. Address Square D Company, 4041 N. Richards St., Milwavkee 12, Wisconsin 


SQUARE J) COMPANY 
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MANUFACTURERS OF THE MOST COMPLETE LINE OF INDUSTRIAL TIME-COUNT CONTROLS 


200 


Bulletin 110 
20 TURN DIAL RESET TIMER 


Bulletin 120 
SINGLE DIAL RESET TIMER 


Bulletin 170 
TIME DELAY RELAY 


Bulletin 150 
ELECTRONIC RESET TIMER 


Bulletin 720 
AUTOMATIC RESET COUNTER 


Bulletin 320 
ADJUSTABLE REPEAT CYCLE TIMER 


. 
° 
e 
° 
© 
- 
° 
e 
* 
- 
* 
eo 
e 


Now in stock for immediate delivery 


To better serve your needs without delay, EAGLE now makes 
available the above Timers and Counters for immediate delivery 
direct from stocks of EAGLE Representatives in principal cities 
from coast to coast. See your local phone directory for name and 
location of your nearest EAGLE Representative. He will be happy 
to make recommendations and help you engineer your TIME- 


COUNT problems. 


Write EAGLE SIGNAL COMPANY, Dept. EM-959, Moline, 
Illinois, for descriptive Catalog 351 showing EAGLE’S line of 
popular TIME-COUNT Controls. 


,stOn 
2 


SIGNAL COMPANY 


MOLINE, ILLINOIS 


* © 
wert 
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Men in Industry 


ba 
Harold C. Hanson has been appointed 
assistant chief engineer of Magnetic 
Controls Co., Minneapolis. He joined 
Magnetic Controls in 1956 and has 
served as staff consultant and_ staff 
mechanical engineer. 


Louis D. Martin of L. D. Martin and 
Associates, Rochester, N.Y., is moving 
his gear consulting services to 553 
East Walnut St., Pasadena, Calif., on 
September 1. Mr. Martin was director 
of gear engineering for Eastman Kodak 
Co. for over 30 years prior to the 
establishment of his own business. He 
is an authority in the field of instru- 
ment gearing. 


The Gabriel Electronics Division of 
The Gabriel Co., Needham Heights, 
Mass., has announced the appointment 
of Samuel W. Stewart as director of 
engineering and research. Mr. Stewart 
was formerly head of the Microwave 
Engineering Department at the Sperry 
Gyroscope Company. 


Three engineers have been appointed 
supervisors for the major divisions of 
development activity at California Tech- 
nical Industries Division of Textron 
Inc., Belmont, Calif. Work on altitude 
and three-axis flight simulators will be 
directed by Terrence Taylor; Joseph 
Suarez will co-ordinate development 
projects on automatic circuit and com- 
ponent testing devices; microwave in- 
strumentation, including radome and 
antenna testing systems, will be headed 
by Charles Kruse. Mr. Taylor comes to 
CTI from the Atomic Energy Division 
of American Standard, where he was 
manager of the Nuclear Valve and 
Mechanism section. Mr. Suarez was 
with Westinghouse at Sunnyvale, Calif. 
Mr. Kruse has been with CTI for over 
six years as project engineer. 


Wilbur W. Maves has been appointed 


director of testing at Astrolab Testing 
Corp., El Monte, Calif. Recently, he 
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ENJAY 
th 


MEL: 
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ae 
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” tear resistance Enjay Butyl offers the highest aged tear strength of any Find out how this versatile 
50 part SRF black compounds rubber. Even after long exposure to heat, oxygen and rubber can improve your 
: nat aan ozone, Butyl retains nearly all its original tear and flex product. Call or write the 
in air ot 250°F resistance...keeps its stretch without tearing. And Butyl’s Enjay Company, today! 
inherent toughness offers rugged resistance to abrasive 
wear. Butyl is the preferred rubber and proven superior 
in such applications as conveyor belts, hoses, heavy-duty 
off-the-road truck tires, and other mechanical goods. 
Butyl also offers...outstanding resistance to chemi- 
cals, weathering, sunlight, heat, and electricity...superior 
7 damping qualities...unmatched electrical properties and 
ma BUTYL £2 natural impermeability to gases and moisture. 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19,N.Y. 
Akron ¢ Boston * Charlotte « Chicago * Detroit «+ Los Angeles * New Orleans + Tulsa 
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COMPUTING 
COMPONENTS 
FROM 


Beas 


¥ Shatt-to-digital 
- 
= encoders meet 


rigid requirements 


Librascope shaft encoders meet and 
surpass rigid requirements of air- 
borne analog-to-digital translation. 
Shock, vibration and temperature 
extremes do not affect their continu- 
ous, noise-free operation. 


THEY’RE DIRECT: A simple one-step 
means of digitizing analog data. 
THEY'RE RELIABLE: Multi-million 
turns at high speeds with constant 
contact resistance. 

THEY'RE VERSATILE: 14 basic models 
in wide range of capacities; special 
function codes built-in to simplify 
computer requirements. 


For full details on Librascope 
encoders write for Catalog E11-1 


TOTAL 
CAPACITY 


10 bits (1024) 
13 bits (8192) 


PARALLEL 
BINARY 
(LINEAR) 


SERIAL 
BINARY 
(LINEAR) 


7 bits (128) 
13 bits (8192) 
17 bits (131,072) 
19 bits (524,288) 


7 bits per quadrant” 
(4 quadrants) 

8 bits per quadrant* 
(4 quadrants) 


2,000 
20,000 
3,600 

2. 36,000 
(8-4-2-1) 360'000 


GRAY 8 bits (256) 


SERIAL 
BINARY 
(SIN-COS) 


BINARY 


@AII models available with internally mounted 
isolation diodes for sequential multiplex- 
ing applications 

tAvailable in hermetically sealed servo- 
driven package as Models 757-S and 758-S. 

*including limit 1 and polarity information. 
Sine and cosine functions generated simul- 
taneously and independently. One turn of 
shaft generates 4 quadrants of information 


REE RARE 


A 
GENERAL 


PRECISION 


COMPANY 


BSIDIARY OF GENE 


LIBRASCOPE, 
100 East Tujunga Avenue 


INC. Commercial [ 
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| tion 
| Test Station in Pasadena. 


|ington, D. C., 


| the position 


| since 1951 and 


RESOLUTION’ 
PER TURN | 


was chief electrical engineer with the 
Aeroproducts Div. of Pacific Scientific 
Co. and head of the Electrical Evalua- 
Group at the Naval Ordnance 


Herman N. Chait has been appointed 


chief scientist of Monogram Precision 
| Industries, Inc.. Cascade Research Divi- 
| sion. 


Mr. Chait was an electronic sci- 


|entist and solid-state physicist with the 


Naval Wash- 
prior to joining Mono- 
gram. Earlier this year, he was pre- 
sented with an Award of Merit from 
the Department of the Navy for his 
contributions in the microwave field. 
Other awards received by Mr. Chait 


Research Laboratory in 


| include the first Microwave Prize of the 


PGMTT of the IRE. 


Paul 
search 


N. Russell has joined the re- 


staff of Hoffman Electronics 


| Corporation’s Science Center in Santa 


Barbara. Calif.. as a senior scientist. 
Dr. Russell comes to Hoffman from 
General Electric Co.. Syracuse, N. Y.. 


| where he was head of the Solid-State 


Materials Group in the Electronics 
Laboratory. At Hoffman, Dr. Russell 


will be concerned with research in 


| semiconductor materials, magnetics and 
| dielectrics. 


Appointment of Newell Sprecher to 
of engineering manager 
has been announced by the Audio De- 
velopment Co.. Minneapolis. manufac- 
turer of transformers and other elec- 
tronic components. Mr. Sprecher has 
been with Audio Development Company 
was previously asso- 
ciated with Midwest Engineering De- 
velopment Co. 


Joseph Yamron has joined Hamilton 
Standard. division of United Aircraft 
Corp., Windsor Locks, Conn.. as project 
engineer in charge of flight control 
systems. Mr. Yamron formerly 
section head of the flight control system 
group of the Massachusetts Institute of 


was 


Technology instrumentation laboratory. | 


| 


Company Briefs 


Acquisition of U.S. Semiconductor 
Products, Inc. of Phoenix. Ariz., by 
Topp Industries, Inc. of Los Angeles 
has been completed. U.S. Semcor joins 
U.S. Science, Inc. and Micro-path, Inc., 
both of California. as divisions of Topp 
Industries. 


A new firm, Goodrich High-Voltage, 


nk, ( alitorale | Inc., a subsidiary of B. F. Goodrich Co., 








for immediate 
delivery of 


alae) 


Instrument 
semiconductors 


Pear A VA [tens 


call your 
stocking distributor 


authorized distributors listed 
carry a full stock of al 
General Instrument semicondut 
cele.) and can give you imme 
diate delivery from stock 


SILICON RECTIFIERS 
TRI-AMP RECTIFIERS 
SELENIUM RECTIFIERS 
SILICON DIODES 


GERMANIUM 
DIODES 


CALIFORNIA 
Valley Electronic Supply Co 
1302 W. Magnolia Blvd., Burbank 
Shanks & Wright, Ine 
2045 Kettner Bivd., San Diego 
lacific Wholesale Co 
1850 Mission St., San Francisco 
DISTRICT OF COLUMBIA 
Silberne Industrial Sales Corp 
3100 Georgia Ave., NW 
ILLINOIS 
Merquip Company 
Roosevelt Rd 
INDIANA 
Brown Electronics, Ine 
1032 Broadway, Fort Wayne 
Graham Electronics Supply, Inc 
122 S. Senate Ave., Indianapolis 
MARYLAND 
D & H Distributing Co 
2025 Worcester St Baltimore 
MASSACHUSETTS 
The Greene Shaw Co., Inc 
341-347 Watertown St... Newton 
NEW YORK 
Hudson Radio & TV Corp 
7 W. 65th St, NYC 
Sun Radio & Electronics Co., Tne 
650 Sixth Ave., NYG 
OHIO 
The Mytronic Company 
2145 Florence Ave., Cincinnati 
Dioneer Electronic Supply Co 
2115 Vrospect Ave Cleveland 
Buckeye Electronic Distributors, Ine 
236-246 EF. Long St., Columbus 
OKLAHOMA 
Oil Capitol Electronics 
708 S. Sheridan, P.O. Box 5423, Tulsa 
PENNSYLVANIA 
1) & H Distributing Co 
2535 N. 7th St., Harrisburg 
Herbach & Rademan, Inc 
1204 Arch St., Philadelphia 
WASHINGTON 
Seattle Radio Supply Co 
2115 Second Ave., Seatth 
WISCONSIN 
Radio Parts Co., Ine 
1314 N. 7th St Milwaukee 


5904 W Chicago 
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MUL LNA L A 8 8 100 225° Cs 


2 amps @ 150° C. 


Right: 420V RMS input; 


A e a ~ 
miniaturize ———— 


Silicon Rectifier 


No aging 


The same high efficiency, reliability and 
long lived Silicon Rectifiers that have made 
CTU Ta ac Tele hla AUTOMATIC famous in the field are now 
available in stack assemblies. Arranged in 
stacks of up to twelve fins to produce hun- 
dreds of different circuit combinations, 
they are supplied in a range from 1 to 18 
amperes, and from 15V D.C. output to 750V 


eye LY Mt) Muah Lay D.C. output. 

PriituCuitl mc iicatak es As always, General Instrument’s mass 
production experience and techniques make 
them available in production quantities at 

Hundreds of cell combinations truly competitive prices. You can obtain 
available — Special circuit them from authorized distributors through- 


configurations Pettitt: out the country. Additional information is 
Om ae available upon request — Write today. 


GENERAL INSTRUMENT CORPORATION 


oo &S aaa J Newark 4 


Wide range of operating and 
storage temperatures 
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TRANSISTORIZED! 


Fasier reading... greater reliability... lightweight... compact 


100T frequency counter and digital tachometer 


Advanced transistor-circuit design gives the ERIE J/nstrumation 100T 
electronic counting instrument unmatched reliability, compactness, and 


portability . . 


. with in-line readout that is visible across a room. 


Modular design permits rapid servicing and easy conversion to special 
counter/timer applications. Time-base circuits are contained on a plug- 
gable etched circuit card; other circuits are combined on a second 


pluggable card. 


Complete data sheets and information on the ERIE IJnstrumation 
Model 100T are available from your local ERIE /nstrumation representa- 


tive. Or write to Erie Pacific. 


photo- 
lar 
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input. 


SPECIFICATIONS: 


Maximum Count: 9999, 4 digits 
Counting Rate: 10 to 120,000 cycles 
per second 
0 to 120,000 cycles 
per second 
220 KC optional 
input: Sensitivity: 50 mv rms 
150 volts maximum 
Impedance: Approximately 
100,000 ohms 
Display Time: 0.2 to 6 seconds 
Time Bases (Gate Times): 
0.01, 0.1, 1 second 
Accuracy: + 1 count + stability 
Stability of 10 KC Time Base: 
0.01 percent 
Size: 6" high, 8%" wide, 10” deep 
Weight: Approximately 10 pounds 
Power Requirements: 
105 to 125 volts, 60 to 420 cps, 40 watts 
Model 100TR (Rack-mounted model) 
Size: 19’ x 7” panel, 10” deep 


ERIE PACIFIC - ovsion oF 


ERIE RESISTOR CORPORATION 
Erie, Pennsylvania 


Openings now for engineers qualified in electronic digital instruments and systems. 
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will engage in research, development 
and manufacture of ion propulsion 
devices for space vehicles. The com- 
pany will be located in Burlington, 


Mass. 


A new ultrasonics plant of Acoustica 
Associates, Inc., has been opened in 
Plainview, L.I., N.Y. Acoustica pre- 
sently operates five plants from coast- 
to-coast. 


Kearfott Company, Inc., a subsidiary 
of General Precision Equipment Corp., 
has announced an 82,500 sq ft expan- 
sion of its electromechanical rotary 
components manufacturing facilities in 


Asheville, N.C. 


Theta Instrument Corp., East Pater- 
son, N.J., is presently occupying a 
new building on Victor St., Saddle 
Brook, N.J. Theta is a manufacturer 
of test equipment for synchros and re- 
solvers and for systems which employ 
these components. 


Shareholders of Hewlett-Packard Co., 
Palo Alto, Calif., have approved merger 
with Dymec Inc. Dymec, also located 
in Palo Alto, designs and manufactures 
instrumentation systems. radar simula- 
tors for the missile program and digital 
devices for automation. 


Merging of Electralab Inc. of Need- 
ham Heights, Mass., and Printed Elec- 
tronics Corp. of Watick, Mass., has 
resulted in the formation of a new 
company named _ Electralab Printed 
Electronics Corp. EPEC is operating 
as a wholly-owned subsidiary of the 
Farrington Manufacturing Co. Printed 
wiring manufacturing will continue at 
both the Natick and the Needham 


plants. 


An integrated electronic warfare 
center will be established in Santa 
Barbara, Calif. by the Raytheon Com- 
pany. To be known as the Santa Barbara 
Subdivision, the center will consolidate 
engineering, production and marketing 
of the division’s interests in the counter- 
measures, countercountermeasures and 
infrared fields now at various places in 
the country. 


Miniature Precision Bearings, Inc., 
Keene, N.H., has announced formation 
of a résearch center for research, de- 
velopment and manufacturing in the 
precision metal-working field. 


Potter & Brumfield, Inc., Princeton, 
Indiana, presently a _ subsidiary of 
American Machine & Foundry Co., has 
become an AMF division. The com- 
pany’s name will be changed to Potter 
& Brumfield Division of American Ma- 
chine & Foundry Co. 
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CLASS H 
TEFLON TUBING INSULATING TAPES SILICONE TAPE 


EPOXY RESINS 2 IN 1 ELECTRICAL TAPE TEFLON TAPE 


whatever the job... 


 Permacet 


ELECTRICAL PRODUCTS 


PERMACEL New Brunswick, N.J. TAPES e ELECTRICAL INSULATING MATERIALS « ADHESIVES 
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MINIATURIZATION 
AWARD 


Miniature Precision Bearings, Inc., cordially invites you to 
participate in the 1959 Miniaturization Award competitions. 
The Miniaturization Award for 1959 will be presented during 
the spring of 1960 at the 3rd Annual Awards Dinner in New 
York City. The Award symbolizing Miniaturization is a bronze 
sculpture by a leading American artist. Certificates of Excel- 


lence will also be awarded for additional outstanding entries. 


PURPOSES 

In addition to stimulating public knowledge in the industrial 
advancement of miniaturization, the MA 59 competition pro- 
motes national recognition of award winning companies, 


individuals, or organizations. 


JUDGING OF ENTRIES 
Entries will be judged by an independent committee of members 
of the electronics, metalworking, research and publishing 


fields. 


ENTRIES 

For a brochure giving criteria, upon which the entries are 
judged and other details of the competition, write Miniaturiza- 
tion Awards Committee, Box 604, Keene, N.H. 

This brochure outlines the manner in which entries should be 
submitted and gives information on past winners. Because 
entries should be received by January 20, 1960, prospective 
entrants should secure the MA 1959 brochure as soon as 


possible. 


Circle 194 on page 


Engineering 
Standards 


ASA Standards 


A revised edition of American Standard 
Schedules of Preferred Ratings for 
Power Circuit Breakers, €C37.6-1959, 
40¢, has just been published by the 
American Standards Association. The 
publication represents standard prac- 
tice in the United States for rating a-c 
power circuit breakers. Tables are given 
for indoor and outdoor circuit breakers, 
for both oil and oil-less types. Included 
are voltage ratings, insulation level, 
current ratings, and interrupting rat- 
ings. 

American Standard Unified Minia- 
ture Screw Threads, 81.10-1958, es- 
tablishes a new thread series which is 
substantially in agreement with inter- 
national standards on screw threads. 
The project to develop the standard is 
sponsored by ASME and SAE. 

A revision of American Standard 
Practices and Requirements for Pool- 
Cathode Mercury-Are Power Converters, 
C34.1-1959, $1.40, has been approved 
by the ASA and published by the AIEE. 

Copies of the standards may be ob- 
tained from American Standards As- 
sociation, Dept. PR 88, 70 E. 45 
St., New York 17, N. Y. 


NEMA Standards 
The following NEMA Standards Pub- 
lications have heen printed and are 
available. 
LP 1-1959, Industrial Laminated 
Thermosetting Products, $2.75. The 
colors, finishes, dimensions and _toler- 
ances, physical and electrical proper- 
ties, and testing of the following grades 
of industrial thermosetting laminates 
are described: 
Paper-base grades—X, XP, XPC, XX, 
XXP, XXX, XXXP, XXXPC, ES.- 
1, ES-2, ES-3 

Fabric-base grades—C, CE, L, LE. 
MC 

Asbestos-base grades—A, AA 

Glass-base grades—G2, G-3, G-5, 
G-6, G-7, G-10, G-11 

Nylon-base grade—N-1 

Copper-clad laminates — XXXP, 
XXXPC, G-10, G-11 

GPO-1_ polyester glass-mat sheet 

laminates. 

Post-forming grade CF sheet lami- 

nates, 

LP 3-1959, High-Temperature Prop- 
erties of Industrial Thermosetting Lami- 


| nates, 30¢. 


RI 6-1959, Electrochemical Process- 
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CLARE relays and | ‘Astepping switches 


, in One of five banks of Clare Type J 
ah 4 Relays in P&W Numerical 

a Control. At left, in cylindrical 
ah. 


INSURE ACCURACY, | “gj ‘aod iced Ee 
INCREASE RELIABILITY, — “aq 7 
REDUCE SIZE of ae 


PRATT & WHITNEY’S 
Numerical Control... 


e 
Pratt & Whitney’s Numerical Control is a fully automatic, 
ultra-precise means of translating blueprint data into 
a series of machine positions. Applied to jig borers 
and other precision Pratt & Whitney machine tools, settings 
are made quickly, with high reliability to .0001” accuracy. 
In operation, the Planning Engineer transfers to a Numerical 
Planning Chart all dimensional data from the blueprints 
which are necessary to determine 
the positions. Ordinary clerical help then 
punch these data into a tape. Machine positionings 
are then controlled by the tape or,when required, 
by a dial on the Operator’s Console. 
Here is what P&W’s Mark H. Sluis has 
to say about the vital part played by 
Clare Relays and Stepping Switches: 
“In the 4EA Numerically Controlled Jig 
Borer, punched-tape information is decoded 
by Clare Type J Relays and fed to a 
storage bank of 25 Clare Type 11 Stepping 
Switches. The selection of the proper 
storage switch is accomplished by a 
distributor—a Clare Type 26 Stepping 
Switch. In addition to storing the required 
command data for the slide positioning 
of this machine, logic circuitry 
comprises some 115 Clare 
Type J Relays. 
“For ultra-reliability of 
the digit-selection circuitry, 
a dozen Clare Type HG4 ; . A Pratt & Whitney 4EA Numeri- 
four-pole Mercury-wetted ‘ cally Controlled Jig Borer. 
Contact Relays are utilized. = 
‘‘Through use of the 
Clare relays and stepping 
switches, our circuitry 
has increased in 
reliability, and a 
large contribution 
was made which 
enabled us to 
realize a 6:1 size 
reduction of the 
control system.”’ 





For complete information 

on Clare Relays and a 
Stepping Switches "eee: 
contact C. P. Clare & Co., 

3101 Pratt Bivd., Chicago 45, 

Illinois. In Canada: 

C. P. Clare Canada Ltd., 


Ontario. Cable /4\ Q 
Address: CLARELAY Industrial Field 


A-Yett 


FOR BACK-OF-PANEL APPLICATIONS 


TO CONTROL AC VOLTAGE, HEAT, SPEED 
POWER AND LIGHT 


Compact, easy to mount Adjust-A-Volts give smooth, 
continuous control with no waveform distortion. 


T51U | 500BU | 3000BU 
Lay 15\ ney 


5 


Write for 22 page catalog on complete Adjust-A-Volt line 
including standard bench and panel mounted manual or 
motor-driven units, 50/60 or 400 cycle; high temperature; 
doubie commytator; military and special designs. Single 
or three phase—ratings up to 130 KVA. 

Stocked by leading jobbers. 
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ing Semiconductor Rectifier Equip- 
ments, 60¢. Encompasses conversion 
equipment utilizing semiconductor rec- 
tifying devices and complete with the 
necessary transformer and essential con- 
trol and protective apparatus, used as 
a d-c power supply for electrochemical 
processes. 

Copies are available from National 
Electrical Manufacturers Association, 
155 E. 44 St., New York 17, N. Y. 


Book Reviews 


Digital Computer Primer, by 
Edward Mack McCormick. McGraw- 
Hill Book Co., Inc., 330 W. 42 St., 
New York 36.214 pages, price $7.50. 


This book is designed to provide 
an understanding of general-purpose 
stored-program digital computers for 
the layman. The contents include the 
general fields of coding, number sys- 
tems, computer logic, arithmetic and 
logic units. The two subjects of basic 
mathematics of logic (including Boolean 
algebra) and word distribution are in 
the form of appendices. Other chapters 
deal with control in computers, stor- 
age, programming, accuracy, precision 
and checking. Where appropriate, there 
are problems at the conclusion of each 
chapter. For the reader who desires 
to read further in a specific area, there 
are bibliographies at the end of each 
chapter. 


Electronic Circuit Theory — De- 
vices, Models, and Circuits. 
Henry J. Zimmerman and Samuel J. 
Mason. John Wiley & Sons, Inc., 
New York, N. Y. 564 pages, price 
$10.75. 


This book is one of several resulting 
from a recent revision of the electrical 
engineering curriculum at The Massa- 
chusetts Institute of Technology. Cir- 
cuit models for the approximation of 
component characteristics and methods 
of circuit analysis are the basis for the 
approach to electronic circuits in this 
introductory text. Piecewise linear cir- 
cuit models are used for analyzing 
non-linear circuits and systems. The 
analyses of circuits are explained by 
geometric and graphic figures. There 
are sections on diodes, triodes, rectifica- 
tion and detection, wave shaping and 
amplification, oscillators, symmetry and 
balanced circuits. One chapter is de- 
voted to transistor models and circuits. 
The appendix contains transistor, diode, 
and pentode curves and exponential 
curves. 
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introducing the new Fansteel 


GOLD-CAP 


TRADE MARK 


TANTALUM CAPACITOR 


the world’s 


most reliable 


capacitor 


INDIVIDUALLY TESTED 

INDIVIDUALLY NUMBERED and REGISTERED 
INDIVIDUALLY CERTIFIED 

each conforming to the most complete 


and rigid specifications ever prescribed for 


any production component. 


S RELIABILITY > 


a 





only Fansteel dares offer 


PROOF 


OF RELIABILITY! 


The Gold-Cap Tantalum Capacitor is Fansteel’s solu- 
tion to one of today's really critical problems—the 





urgent need for a tantalum capacitor of absolute, un-. 


questioned reliability. It is the first capacitor ever to be ? stg SERA TEST OA SEET 


GROUP C INSPECTION TEST DATA Penseee Cooney te 


offered with proof in writing of pre-tested reliability. =a a 


This proof is based upon a series of the most = 








uncompromising tests ever devised for checking 
reliability in a tantalum capacitor. Each Gold-Cap 








is-assigned a registered serial number and all test 
results are recorded by this individual number. 
Thus, every Gold-Cap shipped to you has gone 


through exhaustive testing . . . meets the Gold-Cap ' 
i oe : FANSTEEL GOLD-CAP TANTALUM CAPACITOR 
Specification No. 6CA-101 ... and is accompanied REGISTRATION NUMBER 


by its own certified record of test results—written ae : OS38 50012 


proof of its pretested reliability. 
Only Fansteel dares take the responsibility of pre- 


. ni 
testing for you . . . and certifying the results: THE FANSTEEL CERTIFICATION OF RELIABILITY 


makes any further inspecting or testing for reliability unnecessary. 


THE GOLD-CAP TESTS FOR CERTIFIED RELIABILITY 


GROUP A TESTS GROUP B TESTS GROUP C TESTS 


Sample Lot Inspection: 


Sample Lot Inspection: 100% Inspection: 
P p Reduced Barometric Pressure (tested to 


Material Dimensions Marking Performance check equivalent of 100,000 feet) Lead Tensile 
Stability Tests at reduced and high tem- Test Vibration / Shock Salt Spray 


D dc truction peratures (25°C. to -55°C. to 25°C. to 125°C. Temperature and Immersion Cycling 
sai, dala iit and back to 25°C.) for: 


Workmanship 


Surge Voltage Moisture Resistance 
1. Capacitance Lead Bend Test 


2. DC Leakage Sample units selected from those meeting 
3. Equivalent Series Resistance (ESR) Group A and B Test requirements. 
4. Impedance Continuing 2000-Hour Life Test 


If you want to learn more about what makes the Fanstee! Gold-Cap 

owe 7 : ; 
— i the world's most reliable tantalum capacitor, write to the Publications 
RELIABILITY a Department, Fansteel Metallurgical Corporation, North Chicago, Illir 


x ‘ , is 
and ask for Gold-Cap Tantalum Capacitor Specification No. 6CA-101 


Note: All Group A Tests shall be in accord- 
ance with MIL-STD-105. 


~ 
nee ee” 


C-599 


FANSTEEL METALLURGICAL CORPORATION North Chicago, Illinois, U.S.A. 





Editorial Reprints Available 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ExectricaAL MANurFAc- 
TURING reader qualifies for one copy 
of all single-article reprints, without 
charge. 

The numbers at the end of reprint 
listings correspond to the numbers on 
the postcards incorporated in the 
Reader Inquiry Service Section be- 


Determination of Electrical Resistance of 
Metal Parts, September 1959, 6 pages. 
A tabular compilation of electrical re- 
sistivity characteristics in metallic ma- 
terials most likely to be used in design. 
Methods for calculating total resistiv- 
ity are given. Also presented is a 
nomogram for calculating total resist- 
ance of circular cross-sections of 
metals. (709) 


Engineered Cooling Cuts Equipment 
Bulk, September 1959, 10 pages. The 
essential theory and key design con- 
cepts of heat-flow engineering were 
established in the Basic Science article 
“Heat Flow Theory” (ELECTRICAL 
MANUFACTURING, April 1959—see also 
Basic Science Reprints page in this is- 
sue). The present article, by the same 
author, projects these principles into 
specific analytical design procedures 
for heat exchangers for cooling and 
adding heat as desired in equipment 
assemblies and enclosures. (713) 


Joint Factors in Stacked Magnetic-Core 
Design, September 1959, 8 pages. For 
transformer and other magnetic lamin- 
ated-core designers and for producers 
of electrical steel it is important that 
a separation be made between the 
properties of magnetic materials and 
the effects due to joints and other 
mechanical factors. Analytical meth- 
ods for segregating material from 
other effects in stacked cores are 
presented. (740) 


The Shock Spectrum: a Means of Stating 
Mechanical Shock Requirements, Au- 
gust 1959, 8 pages. The use of shock 
spectrum instead of pulse shape to 
specify shock-test requirements. A dis- 
cussion of the instrumentation and 
other considerations involved in this 
new approach. (741) 


Air Filters for Electronic Equipment, 
August 1959, 4 pages. The selection 
and application of mechanical air filters 
for use in the cooling systems of 
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ginning on page 17. Readers should 
circle those numbers which correspond 
to the reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated below. Remittances must 
accompany all orders. Larger quanti- 
ties, special quotation. 


Cost of Single-Subject Reprints 
No. of Number of pages 
Reprints 4-12 16-32 
1 Gratis Gratis 
3 $2.00 $3.75 
10 3.50 6.00 
25 7.50 12.50 


electronic equipment, particularly as 
applied to military equipment. Various 
types (viscous impingement, electro- 
static and dry) are described and their 
characteristics are enumerated. (711) 


Fluorochemical-Vapor Cooling Tech- 
niques in Electronic Equipment, Au- 
gust 1959, 5 pages. A study of fluoro- 
chemical vapors used as dielectric and 
heat-transfer material. Properties of 
these materials are discussed. Different 
types of cooling systems and special 
design parameters for use of fluoro- 
chemical vapors in electronic equip- 
ment are investigated and presented. 
Supporting data in the form of charts, 
tables and mathematical formulae are 
given. (718) 


Relay Test Code Advanced, July 1959, 
10 pages. The gist of relay design 
and application discussions at the 
Seventh National Conference on Elec- 
tromagnetic Relays. Many of the 
technical papers and the reports of 
the NARM Relay Test Code com- 


mittees are summarized. (708) 


D-C Torque Motors for Servo Applica- 
tions, July 1959, 6 pages. Use of the 
torque motor, a type of electromagnetic 
tranducer, has grown rapidly in the 
last few years. Theory of operation 
and notes on application of commer- 
cially available units are given. (726) 


Construction and Use of Alignment 
Nomograms, June 1959, 5 pages. The 
advantages of alignment nomograms 
over Cartesian curves for many en- 
gineering purposes are related. Specific 
procedures for constructing alignment 
charts are outlined, with supporting 
examples being given. (731) 


Pressure-Sensitive Electrical Tapes as 
Designed-In Components, June 1959. 
5 pages. A review of major types of 
pressure-sensitive electrical tapes, with 
emphasis on new tape materials and 


their effect on application problems. 
Areas of application are summarized 
and test methods listed. (703) 


Clad and Laminated Metals—Their De- 


sign Potentials, June 1959, 7 pages. 
Presented are examples of areas of 
application of combined metals. Com- 
binations by cladding and laminating 
give, for certain applications, a su- 
perior product which yields the best 
properties of each constituent metal. 
Treated in this article are the precious 
and rare metals, alum‘num, steel, cop- 
per and molybdenum combinations. 
Illustrated by typical case histories 
supported by graphs, charts and 
illustrations. (707) 


How to Specify Insulating Varnishes 


For Equipment Reliability, May 1959, 
6 pages. Major insulating varnish 
types are identified, their properties 
and application areas evaluated, and 
compatibility with other elements of 
electrical systems analyzed. Emphasis 
is given to insulating varnishes as key 
components in designing insulation 
systems for optimum equipment life 
and reliability. (730) 


Static Switching Today, May 1959, 9 


pages. A survey of static switching as 
it is applied in machine control sys- 
tems. Includes theory of switching 
circuits and how various types of de- 
vices are used. Units supplied by 
various manufacturers are also de- 


scribed. (714) 


Load Factors in Selection of Eddy- 


Current Drives, April 1959, 7 pages. 
The various forms of eddy-current 
couplings and brakes have particular 
characteristics. These, together with 
the nature of the mechanical load, 
must be considered in selecting drive 
components and electrical controls for 
a drive. Load and drive factors are 
discussed to illustrate drive  selec- 
tion. (727) 


High-Temperature Characteristics of 


Thermosetting Laminates, April 1959, 
6 pages. Representative grades _ of 
NEMA plastics laminates (including 
the phenolic, polyester, silicone and 
epoxy-resin types) have been evaluated 
at the Johns Hopkins University for 
electrical and mechanical properties at 
temperatures through 250 C. The re- 
sults of this evaluation are summarized 
in this report, including tabular and 
chart data. (706) 


Editorial Index to Electrical Manufac- 


turing for 1958, 24 pages. This yearly 
subject-classified index is completely 
annotated. Includes an author index 
and reproduces the ELEcTRICAL MANu- 
FACTURING Subject Classification and 
Alphabetical Subject Cross Index. (734) 


Editorial Index to Electrical Manufac- 


turing for 1957, 24 pages. In addition 
to an annotated, subject-classified index 
to all the feature articles, this booklet 
provides an author index and also re- 
produces the ELectrricaL MANUFAC- 
TURING Functional Subject Classifica 
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tion and the 
Cross Index. 


Alphabetical Subject 


(737) 


Progress in Micro-Module Development, 


WHY ENCAPSULATED? 


Up to 250 KVA and no bulky case! Electro builds high si 
} 


bility high power into half the size... half the weight. But this | 


is no ordinary open coil construction—the coils are thin and 


New 


solid... 100% encapsulated with epoxy inside and out...sealed 
completely against dirt, damp and damage. One result: Fast 
cooling with high overload capacity for built-in reliability... 
A 


temperature rise is 50% less! Another: Less size and weight 


simplifies equipment packaging... pgSeisisariCweclotecae 


| Flexible 


Grade 5 Class T). Electro engineers to YO}miaeltitnoenselcw 


from microwatt to megawatt. 


ENCAPSULATED HIGH 
POWER TRANSFORMERS 


Designing 


Opportunities for Experienced Transformer Engineer. Write to Personnel Manager. 


4 i-EOCOrEoOo 


high reliability transformers 


ELECTRO ENGINEERING WORKS, 401 PREDA STREET, SAN LEANDRO, CALIFORNIA 
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Research Progress 


March 1959, 8 pages. An ELECTRICAL 
MANUFACTURING Staff Report describ- 
ing significant accomplishments in the 
Signal Corps Micro-Module Program. 
Details of micro-element development 
are given and preliminary modules and 
modular asemblies are illustrated. (736) 


| Slectromagnet Copper-to-Iron Ratio for 


Optimal Design, March 1959, 4 pages. 
The design of an electromagnet by 
analysis instead of by ap- 
proximation permits determining the 
best ratio of copper to iron. Details of 
the method are illustrated using a 


continuous-duty d-c tractive magnet as 
(720) 


successive 


an example. 


Developments in Magnetic Ma- 
terials and Applications, February 
1959, 13 pages. Design significance 
of research progress reported at the 
1958 AIEE Conference on Magnetism 
and Magnetic Materials for: computer 
elements, microwave components, per- 
manent magnets, soft magnetic alloys 
and new magnetic devices. (702) 


Graphical Analog Computer, Feb- 
ruary 1959, 4 pages. A_ description, 
with illustrations, of the design and 
of a graphical analog computer, 
a nomographic tool in the form of a 
universal blank which can be applied 
to a variety of problems. It is par- 
ticularly advantageous when used _ to 
supply data for electrical analog 
computers, (704) 


use 


Programming with Optical 
“Punched” Cards, January 1959, 6 
pages. An outline of the particular 
control problems in stage and_ studio 
lighting, with a description of the ad- 
vantages of magnetic amplifier 
systems for these applications. Details 
are also presented of a versatile con- 
trol programming system using cards 
but still permitting flexible supervision 
by an operator. (733) 


new 


in Dielectrics—1958, 
1959, 10 pages. Review and 
of the papers and 
round-table discussions at the 1958 
Conference on Electrical Insulation 
(National Academy of Sciences-Nation- 
al Research Council). The review em- 
phasizes research in corona effects on 
insulation, high-temperature insulation 
systems, radiation effects, and the re- 
lation of molecular structure to prop- 
(729) 


January 
interpretation 


erties. 


Inductors with 
Ferrite-Biased Gaps, January 1959, 
14 pages. Barium ferrite permanent- 
magnet slabs in place of air gaps per- 
mit up to 78 per cent volume reduction 
of iron-cored inductors carrying asym- 
metrical currents. Analysis and syn- 
thesis procedures for iron (Audio <A) 
or ceramic (Ferramic H) with 
ferrite gaps, air gaps or no gaps 
depending on which is optimum for 
the specific case. (701) 
(Continued on page 214) 


Optimum 


cores 
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INDOXx ceramic magnets — manufactured by 

The Indiana Steel Products Company — 

have opened the door for more permanent 
magnet DC motor applications by removing 

the previous restrictions of cost and limited per- 
formance. INDox is made of low-cost, readily avail- 
able, non-critical materials. Inpox characteristics 
permit the design of permanent magnet motors 
which were impractical with other magnetic mate- 
rials, including Alnico. Also, Inpox permits the 
efficiency of permanent magnet motors to be ex- 
tended to larger motor ratings. 


Most Usable Energy from INDOX V 


Both Inpox I and V are well suited for this im- 
portant application. INpox I, because of its low 
cost and high coercive force, will be more econom- 
ical and outperform such materials as Alnico V in 
permanent magnet DC motors. 


Inpox V — the most powerful ceramic magnet 
material — provides more usable energy in motors 
than any other commercially available permanent 
magnet material. 


Practical Sizes 
Inbox I is suitable for motors from the smallest 
possible size to about 1/5 hp. Inpox V, however, 
can be recommended for motors of 1/25 hp and up 
to 10 hp—and higher. Indiana Steel’s experienced 
design engineers can help you choose the best ma- 
terial for your permanent magnet motor design. 


SEPTEMBER 1959 


Improve DC Motors with 


Operating Characteristics 


Permanent magnet-field motors generally will 
have characteristics somewhere between shunt 
and series wound motors. Although a permanent 
magnet motor will not duplicate the entire speed- 
torque curve of shunt or series motors, they can 
be made to duplicate characteristics of either type 
over a given range. 


Specific advantages of permanent magnets for 
motor fields are: Higher efficiency, cooler opera- 
tion, minimum use of critical materials, and, 
often, simplification and cost reduction. A de- 
tailed discussion of the application of permanent 
magnets to motor design appears in Applied Mag- 
nets, Vol. 5, No. 3. Write for your free copy... 
Dept. B-9. 


INDIANA 
aa 
UE Dae By 


THE INDIANA STEEL PRODUCTS COMPANY 
VALPARAISO, INDIANA 


THE WORLD'S LARGEST MANUFACTURER 
OF PERMANENT MAGNETS 


IN CANADA: The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 
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- dependable remote control 


actuation of mechanical loads 


I specify 


LEDEX ROTARY SOLENOIDS 


because... 


eight compact sizes are available 

torque values range as high as 54 pound-inches 

ratio of torque to size and weight is extremely high 

clockwise or counterclockwise rotations from 25 to 95 

magnetic pull is efficiently converted to easily- 
harnessed rotary motion 

models are stocked for immediate delivery 

high temperature models that withstand heat up to 
175° C. are available 

experienced LEDEX engineers are available to help 

LEDEX means dependability 


write for descriptive literature today! 


onl 


Se 
rHIIMEaG H. LELAND, INC. 
i DAYTON 2, OHIO, U.S.A. 


In Canada: Marsland Engineering, Ltd., Kitchener, Ontario 
In Europe: NSF Ltd., 31-32 Alfred Pl., London, England; NSF, GmbH, Nurnberg, Germany 
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Perforated Storage Media, December 
1958, 9 pages. Survey of primary 
punched tape and card systems: early 
development, current media formats 
and dimensions, compatibility prob- 
lems, standardization progress, sources 
of perforated record equipment. A 
basic reference for engineers designing 
or integrating machine systems utiliz- 
ing punched cards or tape for pro- 
gramming or data storage. (705) 


Effects of Temperature on Magnetic 
Properties of Nickel-Iron Alloys, Nov 
ember 1958, 5 pages. Normal magne- 
tization curves, saturation induction, 
remanence and _ coercivity measure- 
ments at both increasing and de- 
creasing temperatures in the 60 to 
+250 C range for: Hipernik V, Hiper- 
nik, Deltamax, Mo-Permalloy and 
Hymu 80. (721) 


Special Purpose Flexible Cord, November 
1958, 4 pages. Properties of flexible 
wire and cable materials are tabulated. 
Special cord designs for use in equip 
ment required to operate in severe 
environments are described and _illus- 
trated. (735) 


Treating Transfer Functions on Analog 
Computers, October 1958, 8 pages. A 
description with examples of a method 
of applying the transfer function of a 
system to an analog computer to deter- 
mine the system output. Applicable to 
systems initially at rest or those with 
input conditions, the method takes ad 
vantage of the symmetry of a transfer 
function expressed in terms of the 
Laplace operator in converting it to 
a mechanical schematic for the com- 
puter. (728) 


Magnetic Properties of Stainless Steels, 
September 1958, 5 pages. Practical 
tips on selecting a corrosion-resistant 
steel with particular magnetic (or non- 
magnetic) properties for structural and 
magnetic applications. Effects of heat 
treatment and/or cold working on 
magnetic properties of martensitic, 
ferritic and austenitic alloys are 
viewed. 


Ferrites for High-Power R-F Tuning. 
August 1958, 12 pages. The results of 
a program for evaluating commercially 
available ferrites for power tuning ap- 
plications in the range from 2.5 to 30 
megacycles. Included are (1) magnetic 
permeability and Q as a function of 
frequency, r-f flux and temperature 
2) dielectric constant and Q, as a 
function of frequency and_ electric 
field intensity; and (3) recommenda- 
tions for specifications data to be 
supplied by ferrite manufacturers. (715) 


Dynamic “In-System” Specifications for 
Control Components, August 1958, 
8 pages. The urgent reasons why the 
performance specifications for com- 
ponents to be used in control systems 
should include their dynamic perform- 
ance characteristics and define their 
in-system behavior and requirements. 
Examples of system characteristics of 
several important types of compo- 
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Industrial 


a 


O-Rings 


in Standard Sizes 


and Compounds 


Through the years Chicago Rawhide has developed a reputation for designing 
and compounding special O-rings to solve special sealing problems. Now, C/R 
offers O-rings in a full range of standard industrial sizes and compounds, and 
assures you of the superior quality, service and dependability that have made 
Chicago Rawhide the leader in fluid sealing. 


Write today for your free copy of the new C/R O-Ring Bulletin. 
It lists standard O-rings keyed to the new, uniform dash numbering 
system in accordance with SAE Aeronautical Recommended Practice 
568 as well as the 6227, 6230 and 6290 series sizes. It also lists C/R 
compounds formulated for a broad range of industrial purposes with 
hardness ratings, compatibility, temperature ranges, and typical 
O-ring installation details. 
SEE OUR CATALOG 
IN SWEET'S Ze 


PRODUCT 


DESIGN FILE Ch 


OR WRITE FOR COPY 


ESL 


CHICAGO RAWHIDE MANUFACTURING COMPANY 
1215 ELSTON AVENUE ¢ CHICAGO 22, ILLINOIS 


OTHER C/k PRODUCIS’ C/R Shaft and End Face Seals ¢ Sirvene (synthetic rubber) molded pliable 


parts ¢ SirviseConpor mechanical leather cups, packings, boots e C/R Non-Metallic Gears 
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nents are included. (723) 


Electronic Standards for Industrial 

Equipment, August 1958, 8 pages. In- 

ternal standards for the electronic por- 

tions of machine control systems, 

PRECISION RELIABILITY QUALITY prepared by the Plant Engineering 
Electronics Committee of General Mo- 

ae tors Corp., are offered for general in- 

dustry use in conjunction with the 

JIC Standards for Industrial Equip- 

ment (see Reprint 724). (722) 


JIC Electrical Standards for Industrial 


ELECTRONIC EQUIPMENT Equipment, June 1957, 24 pages. Re- 


vised specifications for the application 
Highest quality of electrical apparatus to welders and 
standards, low other industrial equipment, as adopt- 


manufacturing costs. ed by the Joint Industry Conference 

held in Detroit, March 1957. Single 

reprints, no charge. Multiple quanti- 

ties may be obtained at the following 

prices: 5—$3.75; 10—$6.00; 25—$12.50; 

and quality guaranteed. 50—$20.00; 100—$30.00. Send check 

An integral part of with order payable to ELEectTrical 

each equipment. MANUFACTURING, 205 East 42 Street, 

For computer, data New York 17. (724) 
processing, servo, and 
ground support systems. 
To Applicable MIL. Specs. 


; Postage return cards are provided 

= on pages 17 to 19 as a conveni- 

PRODUCTS a. Fi ; 

Y Tl COMPANY ence to the reader in obtaining fur- 
ther information on 


904-6 23rd ST. UNION CITY 2; NEW JERSEY New Components and Materials 
UNion 6-5400 Literature for the Design Engi- 


neer 


Complete Engineering 
services. 
Precision, reliability, 
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| FLEXIBLE aan eaiee 
‘ Multi Conductor Wiring 


Engineered Cooling 
. i, Cuts Equipment Bulk 
(Continued from page 102) 


for light, compact, reliable 
harnessing of complex circuits 


Cited References 

I. “Mean Temperature Difference in De- 
sign,” R. A. Bowman, A. C. Mueller and 
W. M. Nagle, Trans. ASME, Vol. 62, 

PLYO-DUCT utilizes printed pp 283-294 (1940). 


1aen 3 a 2. “Heat Transfer and Pressure Drop of 
wiring techniques ams Liquids in Tubes,” E. N. Sieder and G. 


CUSTOM A 5 E. Tate, Indust. & Eng. Chem., Vol. 28, 
PLYO-DUCT WT CUS a pp 1429-1436 (1936). 
“o uctors and are RaR of the ad- 3. “A Method of Corre'ating Forced-Con- 


. ° . vection Heat Transfer Data and a Com- 
Tete i SMM he a ae Lil 


parison with Fluid Friction,” A. P. 


freedom from assembly errors Colburn, Trans. AIChE, Vol. 29, pp 
Ps yi 5 174-209 (1933). 
of Tater) tea . Heat Transmission, W. H. McAdams, 
Py l E . 3rd Edition, pp 259, 272, 275, McGraw- 
; Hill Book Co., New York. 
WRITE for prices and |) 5. Ibid, pp 162, 163. 


complete PLYO-DUCT booklet! ; mpeied a . “Pressure Drop Across Tube Banks,” 


3 T. H. Chilton and R. P. Genereaux, 

STANDARD Trans. AIChE, Vol. 29, pp 161-173 
PLYO-DUCT METHODE |... (1933). 

MANUFACTURING . “Heat Transfer and Flow Resistance in 

"i OR J re) ee ae re) | Cross-Flow of Gases Over Tube Banks,” 


. ‘ E. D. Grimison, Trans. ASME, Vol. 60, 
7447 W. Wilson Ave. * Chicago 31, Ill. pp 381-302 (1988). 


———— 
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eer a 
Cutler-Hammer Control 


CONTROL 


_ aaetaennen 


sets new performance records at 
West Virginia Pulp & Paper Company 


In the West Virginia Pulp & Paper Co. plant 
mechanized for the high volume production of 
multi-wall paper bags, the plant electrician has re- 
ported, ‘“‘About two years ago we installed a 
Cutler-Hammer Reversing Starter on one of our 
bag machines and we thought you might be inter- 
ested in our experience with this control. 

‘*Because of the nature of the operation, the motor 
averages 48 reversals per minute. During the past 
two years this starter has operated with complete 
satisfaction . . . and is still operating satisfactorily. 
But more important the control hasn’t required 
any time or attention... no production time lost 
because of a control failure. And this is a record 


with us because the best service we could get from 
other controls used was about 24% months before 
failure during which time the control required 
frequent repairs to keep it in operation.” 

This is positive proof of dependability . .. proof that 
Cutler-Hammer Three-Star Motor Control works 
better, lasts longer than any other on the market 
today. Why take chances with production interrup- 
tions? Order dependable Cutler-Hammer Three- 
Star Motor Control from your nearby Authorized 
Cutler-Hammer Distributor today. For complete 
ordering information write for the Cutler-Hammer 
Merchandiser Pub. EA-100-T-231. 
Cutler-Hammer Inc., Milwaukee 1, Wisconsin. 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. 


Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation. 
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Basic Science Reprints 


Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or re- 
lated subjects are available at the 
nominal prices indicated in each list- 
ing. For ordering convenience, use 
the handy Order Form below. Orders 
must be accompanied by remittance 
(either in cash or check). Please 
include 3% City Sales Tax on orders 


Digital Methods in Measurement and 
Control, September 1959, 20 pages 
plus cover. This review of digital tech- 
niques covers: (1) characteristics and 
advantages of the digital, or numerical, 
approach; (2) basic principles of 
coding, sampling and quantizing; (3) 
digital components and techniques for 
logic and information storage, includ- 
ing flip-flops, AND, OR, NOT, NOR Cir- 


for New York City delivery. Make 
checks payable to ELEcTRIcAL MANv- 
FACTURING. 

Since handling expenses are a sig- 
nificant cost element in the distribu- 
tion of the reprints, grouping of 
orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, the follow- 
ing prices (which include shipping 
charges) per copy apply: 


cuits, comparators, memory devices, 
and relative characteristics of cores, 
transistors and relays; (4) 
digital measurement devices, including 
pulse generators, counters, voltage con- 
verters, proximity pickups and _posi- 
tion transducers; (5) digital control 
actuators. Written by Michael H. 
Nothman, Gilfillan Bros., Inc., Los 
Angeles. 


tubes, 


ORDER FORM 


Please enclose remittance (cash or check) with your crder. 


No. of 
copies 


Fundamental Properties of Plastics 


__ The Electric Field 


Digital Methods in Measurement and Control 


___ Fundamental Nature of Shock and Vibration 


_ Key to Metals in Design Engineering 


Heat Flow Theory 


Fundamentals of Ferromagnetism 


Using Fourier Analysis in Design 


Introduction to Semiconductor Theory 


______ Engineering Applications of Boolean Algebra 


_____ Slide Rule Mathematics 


Five-Year Annotated Editorial Index 


_ Casting Resins and Application Techniques 


Total Copies 


Total Order 


TO: ELECTRICAL MANUFACTURING, 205 East 42 St., New York 17, N. Y. 


NAME 


COMPANY 


ADDRESS 


CITY 


TITLE 


ZONE 


(Add 3% City Sales Tax for New York City delivery.) 


Reprint Title Quantity 


5 25 


Digital Methods 5 90$. 
Properties of Plastics 90 
The Electric Field .90 
Shock and Vibration 90 
Key to Metals .90 
Heat Flow Theory 90 
Ferromagnetism 90 
Fourier Analysis .90 
Semiconductor Theory 90 


m4 Sy 2g 29 99 93 9 9 


Ut Ut UL UL OL OL OT OL OT 


Boolean Algebra 80 1.60 
Slide Rule Mathematics 90 .75 
Casting Resins Lio i 

Prices for larger 
available on request. 


quantities are 


The Fundamental Properties of Plas- 
tics, August 1959, 16 pages plus cover. 
The fundamental science of polymeric 
materials is related to design engineer- 
ing properties of plastics. Discussion 
covers: the molecular formation of 
polymers; the chemistry of addition 
polymers; the chemistry of condensa- 
tion polymers; the theoretical basis for 
mechanical, electrical and chemical 
properties of polymers. Bibliography 
and glossary provided. Written by 
Thomas D. Callinan, Research Center, 
International Business Machines Cor- 
poration and Alex. E. Javitz, Special 
Features Editor, ELEcTRICAL MANvu- 
FACTURING. $1.00 


The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 
pages plus cover. Contents include dis- 
cussions of the following: Electro- 
statics; Electric Fields in Free Space; 
Electric Induction; Capacitance; 
Mechanical Considerations; Field Ef- 
fects in Devices. Written by Paul G. 
Jacobs, Associate Editor, Evectricai 
MANUFACTURING. $1.00 


The Fundamental Nature of Shock and 
Vibration: Theory, Character, and 
Mechanism of Damage, Principles of 
Testing, June 1959, 20 pages plus 
cover. The nature of shock and vibra- 
tion is given in terms of classical phys- 
ics and mechanics. The major types 
of vibration are discussed (periodic, 
random, structural and airborne); also 
the major types of shock (velocity, 
simple impulse, single complex and 
multiple). Combined environments are 
also treated. A section is devoted to 
the effects of shock and vibration on 
missile electronic components. Types 
of damage are tabulated and analyzed: 
principles of testing are given; speci- 
fications are summarized. Glossary and 
Bibliography included. Author is Dr. 
Irwin Vigness, Head, Shock and Vi- 
bration Branch, Mechanics Division, 
U.S. Naval Research Laboratory. $1.00 


Key to Metals in Design Engineering, 
May 1959, 24 pages. Basic principles 
of metallurgy are presented and struc- 
tural characteristics of metals related 
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A TYPICAL EXAMPLE: 
Cuts its own thread— 


Shakeproof's® Type 25 Thread-cutting 
Screw saves time because it eliminates 
tapping. Blunt point assures maximum 
thread engagement and high holding 
strength when driven into a relatively 
thin panel. 


Shakeproof has pioneered in developing ingenious, cost-cutting 
fasteners for plastic applications. The screw featured above not | 
only taps its own hole—often it eliminates costly threaded in- | assembly savings with 
serts. Another Shakeproof development, the Type 17 self-drilling ; 

Nibscrew®, both drills and taps as it is driven. A Shakeproof engineered 
Dished Lock Washer compensates for differential in expansion | tasteners 
between plastic and metal...temperature changes won't loosen | a 


new ideas for 


the assembly. 


For highest quality fasteners that assure faster assembly and 
lower costs investigate the Shakeproof line. There’s a Shakeproof 
fastener to meet your need—or Shakeproof engineers will de- 
velop one for your specific application. 


WRITE FOR NEW SHAKEPROOF BULLETIN NO. 300 
Shakeproof Bulletin 300 shows ten typical, profitable applications 
of Shakeproof fasteners on products using plastics. Offers free 
samples for testing. Send for your copy now. 


SHAKEPROOF 


“FASTENING HEADQUARTERS ''® 
DIVISION OF ILLINOIS TOOL WORKS 
St. Charles Road, Elgin, Illinois 
In Canada: Shakeproof/Fastex 
Division of Canada lilinois Tools Limited, 67 Scarsdale Road, Don Mills, Ontario 
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to design concepts. Physical and mech- 
anical properties of metals defined. 
The nature and specifications of metals 
are detailed for better understand- 
ing of current literature. The effects 
of environment and mechanisms of 
damage are illustrated. Iron and steel, 
alloys of aluminum, precious and rare 
metals, copper, nickel and magnesium 
are presented in their basic design re- 
lationships to fundamental properties. 
Written by S. H. Avner, N.Y.C. Com- 
COMAR'S SUB-MINIATURE TYPE SM munity College, and Harold E. Bar- 
kan, Associate Editor, ELecTRICAL 
MANUFACTURING. $1.00 


Heat Flow Theory, April 1959, 20 pages. 
A concise review of the major ana- 
lytical techniques developed over the 
years to solve heat flow problems. 
Basic equations for conduction, con- 
vection and radiation are derived. 
Dimensional analysis is used to estab- 
lish the parameters and the various 
“numbers” (Reynolds, Prandtl, Nusselt, 
Graetz, etc.) involved in convection 
expressions. Empirical equations are 

solved using simulated experimental 

big relay PErfOFMANCGE aii te diosen tom elec 
; ; trical and electronic (transistor) appli- 

in crystal can size cations. Written by Allan D. Kraus, 

an electromechanical engineer at 

Sperry Gyroscope Company. $1.00 


zess than an inch long Weighs less than 2 oz. 


A high precision, efficient sub-miniature relay. ; 
Fundamentals of Ferromagnetism, March 


Constructed to withstand severe vibration, heavy shock and 1959, 32 pages. A new approach to 
at the study of magnetism, derived from 
temperature extremes. For control systems, missiles, modern solid-state physics. Explains 


magnetic behavior and properties of 


computers, aircraft and similar applications requiring magnetic materials in terms of fun- 


damental electron interactions.  In- 


miniature size and dependable performance. cludes: Origins of Ferromagnetism: 


Internal Structure of Ferromagnetic 
Materials; Magnetization Curves; Time 
Nominal Coil Voltage: 26.5 Volts D.C. Effects in Soft Materials; Effects of 
Maximum Pull-In Voltage: 18 Volts D.C. Atomic Ordering in Alloys; Interac- 
Maximum Drop-Out Voltage: 14 Volts D.C. tions for Heterogeneous Systems; Mag- 
, 7 si netic Materials of the Present and Fu- 
Coil Resistance: Approximately 570 Ohms. ture. Written by Anthony Arrott and 
Contact Arrangement: 2 P. D. T. J. E. Goldman of The Scientific Lab- 
Contact Rating: 2 Amps. @ 28 V. D. C. Resistive (max.). oratory, Ford Motor Co. $1.00 
Maximum Operate Time (N.O. Contacts): 4 Milliseconds. 
Maximum Release Time (N.C. Contacts): 3 Milliseconds. 's 
; ee ruary 1959, 16 pages. In system and 
Maximum Contact Bounce: | Millisecond. subsystem design, Fourier analysis per- 
Dielectric Strength: 1000 V. RMS, 60 Cycles (Sea Level). mits the design engineer to design or 
Minimum Insulation Resistance: 100 Megohms. select devices for a particular transient 
Maximum Contact Resist: 0.05 Ohm; 0.10 Ohm (After Life). oo solely = ‘ — of their 
Temperature Range: — 65° to 125° C. r ady-state mane a » I ae ; 
Hod A A thorough theoretical background on 
Operating Shock: 50 “G" for 11 Milliseconds. Fourier analysis is presented plus a 
Vibration: 20 *G'"'—5 to 2000 CPS. discussion of the areas of application 
Life: 100,000 Operations (Minimum). with specific examples to point up par- 
Maximum Weight: .45 Oz ticular problems often encountered. 


Written by Ira Ritow, Airborne Instru- 
Meets MIL-R-25018 and MIL-R-5757C specifications. eee a Pew, Leer a 


Using Fourier Analysis in Design, Feb- 


Send for Bulletin SM Introduction to Semiconductor Theory, 
January 1959, 24 pages plus cover. 


A detailed discussion of conduction 
processes in semiconductors written 
for the design engineer and presented 
y | as a basis for understanding the phy- 
sical principles of operation of semi- 
conductor components. Theory of so- 


ELECTRIC COMPANY lids is presented, followed by a dis- 
3349 ADDISON ST., CHICAGO 18, ILL. cussion of the qualitative aspects of 


rT semiconductors. P-N junction and 
= CG or metal-semiconductor contact theory 
x] RELAYS © SOLENOIDS © COILS * SWITCHES * HERMETIC SEALING 


| is described and the effects of voltage, 
' 
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1 thru 200 horsepower 
(other ratings 1/200 to 1 h.p.) 





worse t.- 
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Longer Life because High Velocity 
L_ “Dual-Sweep"” ventilation Cools and Cleans! 


RossBins & Myers “Dual-Sweep” 

ventilation is a new concept in high 

velocity internal cooling and clean- 
ing, designed to greatly prolong motor life. Tandem fans— 
one pushing, one pulling—create end-to-end ventilation that 
eliminates “dead” areas and converging air currents which 
deposit dirt. Venturi baffles at each end of the motor direct 
air in a washing action over and around end coils where 
it’s most needed. Passages between field and outer shell form 
a “cylinder of air” which carries off motor heat. 

R&M motors’ long-life insurance also includes these fea- 
tures: Mylar* insulation that has 8 times the dielectric 
strength and 35 times more moisture resistance than ordi- 
nary paper insulation . . . double width bearings with 
extra-large grease capacity . . . end heads that offer full 
height protection . . . removable caps for quick bearing in- 
spection and re-lubrication. For details, write today for 
Bulletin 520 EM 


* DuPont registered trademark 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO - BRANTFORD, ONTARIO 
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Stromberg-Carlson 


“TELEPHONE QUALITY” 


... featuring new high-voltage 
types for test equipment or other 
high-voltage applications. 


THE insulation in the new relays 
carries 1500 volts A.C.—three times 
normal. These high-voltage models 
are available in Types A, B and E. 
They are the latest additions to the 
Stromberg-Carlson line of twin con- 
tact relays—all available for im- 
mediate delivery. 

The following regular types are 
representative of our complete line: 

Type A: general-purpose relay 
with up to 20 Form “A” spring com- 
binations. This relay is excellent for 
switching operations. 

Type B: a gang-type relay with up 
to 60 Form “A” spring combinations. 

Type BB: relay accommodates up 
to 100 Form “A” springs. 

Type C: two relays on the same 
frame. A “must” where space is at a 
premium. 

Type E: has the same character- 
istics as the Type A relay, plus uni- 
versal mounting arrangement. Inter- 
changeable with many other makes. 

Complete details and _ specifica- 
tions are contained in our new relay 
catalog, available on request. Write 
Stromberg-Carlson Telecommunica- 
tion Industrial Sales. 


STROMBERG -CARLSON 
, GENERAL DYNAMICS 


117 CARLSON RD. e ROCHESTER 3,N.Y. 
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temperature, and other external in- 
fluences are analyzed. Transistor theo- 
ry is then presented. Written by Ruth 
F. Schwartz, Research Division., Phil- 
co Corp. $1.00 


COMPENDIUMS 


Engineering Applications of Boolean Al- 
gebra, 68 pages. A design guide to the 
analysis and synthesis of switching 
circuits and logic systems—both com- 
binational and sequential—in any me- 
dium: mechanical, electrical, hydrau- 
lic, electronic or solid state. Includes 
five previously published articles plus 
a never-before-published — appendix 
Written by Boris Beizer, Airborne In- 
struments Laboratory, and Stephen W. 
Leibholz, Republic Aviation Corpora 
tion. $2.00 


Five-Year Annotated Editorial Index to 
Electrical Manufacturing, 60 pages. A 
short-cut to research for design en- 
gineers. Book lists, by functional sub 
ject classification and with 
annotations, every feature article and 

Trends” short articl 

published in Evectrica MANUFA¢ 

ruRING during the 5-year period from 

1951-1955. $1.50 


succinct 


major “Design 


Slide Rule Mathematics, 20 pages, plus 
4 practice slide rules printed separat« 
ly. A practic al guide to the 
standing of the slide ruk 


un ler 
and its ap- 
plication to engineering problems, this 
combined reprint traces the logical d 
velopment of the slide 
mentals and complete concise instruc 
tions for its use. Major topics includ 
The Basic Slide Rule; Variations on 
Basic C-D Operation; Trigonometry 
The Log-Log Scales; Vector Dia 
grams; Hyperbolic Functions; Phasor 
Calculations; The Circular Slide Rul 
Written by Ira Ritow, whose previous 
ly published work in) Evecrricat 
MANUFACTURING “Capsule 
Calculus.” $1.00 


rule’s funda 


ink ludk S 


Casting Resins and 
niques, 52 pages. 
published articles dealing with the 
embedment, encapsulation, and im 
pregnation of circuit units and 
components. Individual articles cover 
property data on casting resins; eval- 
uation tests on resin systems; results of 
environmental embedded 
units; process control problems. An- 
notated bibliography of articles is in- 
cluded. $2.00 


Application Tech- 
Eight previously 


tests on 


You will find a handy Order Form 


for the above reprints on page 218. 


Postcard return cards are provided 
on page 17 as a convenience to the 
reader in obtaining further informa- 
tion on 
New Components and Mate- 
rials 
Literature for the Design 
Engineer 
Feature Article Reprints 
Advertised Products 


STRAITS 


TIN 
REPORT 


News of developments / 
in the production 
and uses of tin 


= 


New “cartridge-type" alloy 
bearings of tin, copper, lead and 
zinc will soon go into service on 
freight cars after 2 years of tests on 
US. railroads. Life expectancy of new 
bearing is said to be 25 years—com- 
pared to 32 years for conventional 
bearings. It will require only minimum 


maintenance. 


Greater creep resistance 
—that is the quality imparted to ti- 
tanium with the addition of tin. Some 
titanium alloys contain as much as 
22.5% tin. The most successful con- 


tains 2.5% tin and 5% aluminum. It 
is principally used for jet aircraft 
parts requiring maximum strength in 
the range of 600-1100°F.; in high- 
strength welded assemblies; and in 
jet engine combustion chamber casing 
requiring a_ better 


and other uses 


combination of toughness, fatigue 
strength, and creep resistance at ele- 


vated temperatures. 


Electrodeposited coatings 
of tin-zinc have aided in solving 
auto fuel system problems caused by 
corrosive action of some fuels on car- 
buretor parts. 


A tin-cadmium alloy coat- 
ing, according to research reports, 
has excellent resistance to salt spray, 
jet fuels, high temperature synthetic 
oils, organic acid vapors; very little 
embrittling effect on hardened steel. 


Write today for more 
data on these items or 
for a free subscription to 
TIN NEWS—a monthly 
bulletin on tin supply, 
prices and new uses. 


The Malayan Tin Bureau 
Dept. 14), 1028 Connecticut Ave., Washington 6, D.C 
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US¢ BRUSHES contribute. 
to the reliability of 
heavy duty industrial tools: 


For more than 65 years, Thor Power Tool Company has been designing and engineering 
tools for use in industries throughout the world. Today, Thor engineers are developing 
and perfecting tools to speed up industrial production; designing and building tools that 
are meeting every demand of modern industry. Because brushes are vital to the power, 
endurance and efficiency of Thor industrial tools, Thor specifies USG Motor Brushes. 


In hundreds of installations, in thousands of electrically powered units, United States 
Graphite Company (USG) brushes are giving excellent, maintenance-free service. 


Always specify USG brushes of carbon, carbon-graphite, electro-graphitic graphite, 
metal graphite or silver-graphite for your 

rotating electrical equipment. A well-trained ee — 

staff of engineers is available to assist you in tained in Catalog B-56 and the 

the selection of the grade and type of USG sq grade list. Write for these 

brush best suited to your application. two catalogs today. 


B-267-1 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW , MICHIGAN 
GRAPHITAR” cARBON-GRAPHITE © GRAMIX” POWDER METALLURGY @ MEXICAN” crapnite Prooucts © USG” Brusnes 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages !7 and 19. 


Literature 
for the 


All-new listings of manufacturer's literature just off the press .. . 
including catalogs, manuals and other reference publications relat- 
ing to components and materials for designed-in use in electrically 


energized end products. 


ELECTRICAL INSULATION MANUAL— 
General catalog has sections on plastic 
films, extruded plastic tubing. laminat- 
silicone 


ed and reinforced 


compounds, mica products, varnished 


plastics, 


or treated papers and fabrics, adhesive 
tape products and others. At back of 
287-page catalog is 14-page section on 
ASTM. AIEE, NEMA standards, and 
military specifications on electrical in- 
sulation. Insulation Manufacturers 
Corp. > 632 


ULTRASONIC CLEANING — “Tips on 


Ultrasonic Cleaning” is a 12-page. 
pocket-size, general booklet on the na- 
ture of the cleaning phenomenon, gen- 
erating equipment and its most effec- 
tive use, transducer types, relation of 
frequency to cavitation effectiveness, 
applications. A 
section includes information on reso- 


question-and-answer 


nance of dirt particles, transducer cable 
length, cleaning metals. cavitation ero- 
sion, hazards to personnel, proven ap- 
plications, liquids to be used and power 
distribution in cleaning tank. Circo 
Ultrasonic Corp. > 633 


DESIGNING OR SPECIFYING NAME- 
PLATES—Manual, 20 pages. of instruc- 
tions on nameplate design covers let- 
tering, composition, step-by-step pro- 
cedure for drawing a rough nameplate 
layout, selection of matecials, name- 
plate 
plates, manufacturing, and 
odd-shaped nameplates. Booklet is in- 


processes, fastening of name- 


steps in 


tended for use in designing nameplates 


for prototype or quantity production 


224 


in the initial stage of product develop- 
ment. H. G. Dietz Products Co. > 634 


CONVERSION-FACTOR WALL CHART 
—Included in reference table are com- 
mon conversions such as inches to cen- 
timeters or watts to hp, as well as at- 
mospheres to kg/sq cm, cm/sec to 
miles, hr, cu ft to liters. microns to me- 
ters, quintal to lbs. ete. 
Equipment Co. 


eee 
Precision 


> 635 
BONDING OF FLUOROCARBONS—F ive- 


bulletin 
fluorocarbon surface preparation me- 
thed of bonding with other bonding 
methods. The surface preparation me- 
thod and tests of shear strength are 
detailed. vapor 
blasting the surface, a chemical etch 


page technical compares a 


Process consists of 
and bonding. Process may be used for 
bonding copper films onto fluorocarbon 
films for flexible printed-circuit boards, 
for example. Plastics Co.. Inc. > 636 


TEXTURED METALS—Six-page folder 


contains pictures of eight textured 
metal patterns available in sheets to 52- 
in. wide and continuous coils. Sheets 
may be of carbon steel, stainless steel. 
aluminum and other metals with va- 
rious finishes and perforated. if de- 
sired. Pre-applied adhesive available. 


Ardmore Products. Inc. > 637 


NICKEL-CONTAINING CASTING AL- 
LOYS—Guide, 26 pages. contains de- 
tailed data on compositions and proper- 
ties of such alloys as cast low-alloy 
steels, heat-resistant cast alloys, nickel 
cast irons and stainless steels. Table 


in front of booklet lists important 
properties and applications and is fol- 
lowed by one-page write-ups of each 


alloy. International Nickel Co. ~*638 


SCIENTIFIC COMPUTER — Factors of 
application of Honeywell 800 all- 
transistor electronic computer system 
to scientific problems are described in 
12-page booklet. It outlines speeds, ca- 
pacities and overall performance qua- 
lifications. Datamatic Div., Minneapo- 
lis Honeywell Regulator Co. > 639 


POLYETHYLENE—32-page booklet con- 
tains information on the nature of poly- 
ethylene and its applications. Many 
tables and figures included. Contents 
include basic resin characteristics, en- 
vironmental effects and applications in: 
film. moldings. wire and cable, pipe. 
coatings and other uses. Spencer Chem- 
ical Co. > 640 
TITANIUM FASTENERS—Standard ti- 
tanium aircraft fasteners are shown 
with appropriate military and NAS 
standard designations in 12-page_ bul- 
letin which also reviews company ca- 
pabilities for producing studs, tie-rods, 
couplings, fittings for aircraft, missile, 
nuclear, chemical and other applica- 
tions. A basic engineering section re- 
views general properties and advan- 


tages of titanium. Compositions of 
most generally used titanium alloys 
are given. Performance data include 
table of comparative mechanical prop- 
erties for both steel and titanium bolts. 


Standard Pressed Steel Co. > 641 


VOID-FREE ENCAPSULATION— Tech- 
nical Bulletin 101, 6 pages. “Improved 
Casting Techniques for Void-Free En- 
capsulation of Electrical Components,” 
is based on a paper presented at a 
1959 SPE Conference. Sections are: 
Problems Encountered in Evacuation 
Systems, Problems Caused by Improper 
Mold Selected Resin 
Systems, Post-Degassing of Atmosphe- 
rically Filled Units, 
Vacuum Casting and Pressure Stalling. 
Automatic Process Control. > 642 


Design. Poorly 


Pre-Degassing 


CERAMIC-FIBER INSULATING MATE- 
RIALS—Series of 14 Technical Data 
Sheets deals separately with the dif- 
ferent forms of “Fiberfrax” insulation. 
Insulating materials withstand temp- 
eratures to 2300 F and melt at over 
3200 F. Bulk fiber. 
chopped fiber, long-staple fiber, paper. 
blanket, felt cloth and 
yarn, roving, coating-cement, board and 
block ceramic fibers are described. The 
Carborundum Co. > 643 


fiber. washed 


tape, rope. 


METAL PARTS FINISHING COST GUIDE 

Folder is designed for determining 
and comparing costs involved in metal- 
finishing procedures: on-premises _fin- 
ishing of parts, off-premises finishing of 
parts. and use of pre-finished metals. 
Comparative figures are confined to the 
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36,000-to-1 
gear reduction 


by 
Bulova 


i onc ih. 
SE 
a 


Bulova again accomplishes the unusual. 


This dramatic miniature—like so many other Bulova ‘“‘firsts’’-—came about as a 
matter of routine within a manufacturing assignment. This time missile ‘‘checkout’’ 
equipment profited by Bulova’s job-proven capability. 


Bulova is an industrial complex...a combination of technical knowledge and 
experience, management and craftsmanship...that will fit into your ‘‘team’’ picture 
quickly and expertly. 


Experience in precision design and precision manufacture is the Bulova tradition, 
the Bulova capability. It has been for over 80 years. For more information write — 


Industrial & Defense Sales, Bulova, 62-10 Woodside Ave., Woodside 77, N.Y. 
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individual operation or sequence of 
operations for which the guide is used. 
Guide contains instructions and out- 
lines for each of the three metal-finish- 
ing procedures. Space is provided for 
filling in and extending the various 


costs. Apollo Metal Works. >644 


ANNEALED COPPER-WIRE TABLE — 
One-page table ZK-5 gives AWG num- 
ber, wire diameter in inches, area. 
weight, ft per lb and resistance at 68 
deg F. Standard annealed-wire chart 
also has decimal equivalent table. Al- 
pha Wire Corp. > 645 


MINIATURE BALL BEARINGS—Radial 
and thrust-bearing catalog, 24 pages, 
features descriptions and dimensions of 
miniature units, plus engineering notes. 
Pivot, angular contact and special bear- 
ings also mentioned. Miniature Preci- 
sion Bearings, Inc. > 646 


TRANSISTOR POWER DISSIPATION 

Maximum power dissipation in transis- 
tors is discussed in 4-page pamphlet. 
Methods of determining maximum 
power which may be dissipated by a 
transistor and effects of maximum 
power dissipation on circuit considera- 
tions are illustrated. Factors to con- 
sider in arriving at an allowable col- 
lector dissipation such as_ thermal 
runaway are explained. Valor In- 
struments, Inc. > 647 


MULTITESTER—Data sheet describes 
portable 10 k-ohms-per-volt meter with 
scales for a-c and d-c voltages (5 
ranges) to 1200, current (3 ranges) to 
= 1 4 1 300 ma d-c, resistance iS sang) to 3 
») T 1) TR in q 5 "| 7 Ss ty megohms, capacitance (2 ranges) to 


0.15 wf and db from —20 to +63 in 5 


| " s 1 LAT 5 rT BASE ranges. Rex Rheostat Co. > 648 


REED VIBROMETER BULLETIN —Bul- 
J , letin K14A describes Vibrometer which 
a new solution to an old rectifier problem measures and indicates frequency and 


amplitude of vibrations. One-pound, 


hand-held instrument has a frequency 
range of 120-15,000 cycles per min. 
Scale marker on handle indicates fre- 
quency as a direct reading. Second 
nh ee ae : si scale for amplitude comparision. Kor- 
1ardware required in a conventional rectifier eel Mads >649 
heat sink assembly, and decided to make aie ; 

engineering history again. Between coffee breaks, INDUSTRIAL RUBBER PRODUCTS—Bul- 
they tested 163 varieties of alumina-loaded letin of 16 pages deals with silicones, 
ceramic wafers, found the right combination of Buna-N, GR-S synthetic, neoprene and 
electrical insulation + heat transfer Teflon. Primary physical properties of 
characteristics, and brazed together a one-piece, these and other compounds, along with 
insulated base rectifier that cuts assembling | comparative properties of natural and 
labor, shrinks bridge size, and out-performs other | synthetic rubbers, are detailed in the 
heat sink methods. If you’d like to unfold the | bulletin. Reactions of the materials to 
sheet that bares the facts about our new 6 and chemical components are charted and 
12-amp REDTOP® rectifiers, drop us a card. graded. Military specifications of stocks 
carried and produced by company are 


listed. Irving B. Moore Corp. >650 


BRADLEY SEMICONDUCTOR CORPORATION | SEMICONDUCTOR SOLID CIRCUITS 


Eight-page brochure describes fune- 
tional electronic circuits on a_ single 


The first engineer who “integrated” an eraser 
with a pencil inspired Bradley’s latest 
accomplishment. Our boys took a hard look at 
the mess of washers, grease, and sundry 


Formerly Bradley Laboratories Inc. 


semiconductor wafer. Forming of re- 
275 WELTON STREET, NEW HAVEN 11, CONNECTICUT | sisturs, capacitors, RC networks, trans- 


Circle 211 .on page 17 ELECTRICAL MANUFACTURING 





Winders starting a 
coil ina Westinghouse 
500 KW, 600 volt, 


1200 RPM Rotary 
Converter Armature 


Because of its flexibility, 4 
and its mechanical and 
cellent Aboglas is bein 
rate the end turns, b 

the top and botton 
armature. 


EST VIRGINIA 
RMATURE CoO. 


Ss 


ATVAR 
LAS 


: a , 
\ \ est ul ain plant in Aboglas easily adapts itself to the contour of a large armature 


Bluefie © in other important 
coal it an excellent reputation re 
lor ne it: ounding in 1909. 


ry 


pany has been using Aboglas lor some time as shown 
1e accompanying photos, and also as a separator between 


the shunt and series sections of compound field coils. 


Aboglas, a composite consisting ola layer ol varnish staturated 
asbestos paper sandwiched between two layers of varnished 
open-weave Fiberglas*, is only one of the Natvar insulations 
developed to doa specilic job, and do it well. If you are using 
flexible electrical insulations, it will pay you to investigate the 
Natvar line. You can depend on their uniformly high quality. 
and you can get them either from your own wholesaler or 


direct from us. 


B NATVAR corronos 


FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 
TELEPHONE CABLE ADDRESS 
FULTON 8-8800 NATVAR: RAHWAY, N. J. 


207 RANDOLPH AVENUE @ WOODBRIDGE, NEW JERSEY 
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This ability to conform to irregular surlaces, plus high me 
chanical and electrical strength makes it popular for important 
»~wind jobs. 


Natvar Products 


Varnished cambric—sheet and tape 
Varnished canvas and duck— 

sheet and tape 

Varnished silk and special rayon— 
sheet and tape 

Varnished papers—rope and kraft— 
sheet and tape 

Varnished, silicone varnished and 
silicone rubber coated Fiberglas* — 
sheet and tape 

Slot cell combinations, Aboglas® 
Isoglas® sheet and tape 

Isolastane® sheet, tape, tubing and 
sleeving 

Vinyl! coated and silicone rubber 
coated Fiberglas tubing and sleeving 
Extruded vinyl tubing and tape 
Styroflex® flexible polystyrene tape 
Extruded identification markers 


*T.M. (Reg. U.S. Pat. Off.) OCF Corp. 


We will be very happy to supply information 
on any of our products on request. 





istors and diodes briefly mentioned. 
Typical multivibrator 
process has equivalent component den- 
sity of 30 million parts per cu ft. Texas 
Instruments, Inc. > 651 


SIGNALLING CONTROLLER —Four-page 
Catalog 51 describing and listing speci- 
fications for the electronic signaling 
controller is available. Designed for 
off-on control, the potentiometer-type 


made by this 


instrument is used for automatic con- 
trol of industrial processes. Controller 
may be used with any sensing ele- 
ment that generates a d-c 
System accuracy, +0.25 per cent of 


signal. 


scale span; sensitivity, 1 microvolt. 
Thermo Electric Co., Inc. > 652 


SILICON TRANSISTORS Six-page 
Folder S-100 contains full data on p-n-p 
alloyed-junction transistors for use as 
high-speed switch (2N1219), medium- 
speed switch (2N1220). high-speed lin- 
ear amplifier (2N1221),. medium-speed 
linear amplifier (2N1222) and _ high- 
(2N1223). General 


> 653 


voltage swit« hing 
Transistor. 


TEMPERATURE-HUMIDITY CHAMBERS 
-Four-page folder on environmental 
testing chambers illustrates and de- 
scribes series of units ranging from 
a 2 cu ft portable unit to a 10 cu ft 
model. Shown in the folder are a 
high-low temperature chamber with 
humidity control, a large chamber for 


cold-shock temperature cycling test, an 
automatic high-low temperature cycling 
unit, a two-chamber machine for simul- 
taneous high and low temperature 
testing, a chilling chamber with arm 
holes. Harris Refrigeration Co. —>654 


TACHOMETERS—Four-page bulletin de- 
scribes electric tachometers in panel- 
meter form as well as _ associated 
generators. Electro-Mechano Co. 655 


MAGNETIC-DISK BRAKES Bulletin 
BK-4005 describes line of direct-acting, 
self-adjusting and _ hazardous-location 
brakes which mount on NEMA motor 
“C” flanges or endshield. Ratings and 
dimensions for each series are shown. 
Section on brake selection contains 
formulas based on torque and thermal 
capacity. Dings Brakes, Inc. > 656 


COAXIAL TERMINATIONS—Specifica- 
tions for terminations are presented in 
2-page Bulletin 46. Model 535 covers 
the frequency range of d-c to 10 kmc 
and is available with Type N, C, SC, 
BNC and TNC connectors, both male 
and female. Graphs show typical VSWR 
vs frequency for each type of connector. 
Weinschel Engineering. > 657 


SERVO REPEATER—Data sheet contains 
picture, description and specifications 
of Type 770A servo repeater designed 


to follow the position of a remote 


~~. x 
Pyke < 


A COMPLETE LINE OF COMBINATION 
STARTERS UP TO 100 HP, 440 VOLTS AC 
NEMA SIZES 0, 1, 2 and new sizes 3 and 4 


ANOUNCING: 


NEMA 4, SIZE 
eT aan 


ATisti el cme Olveel alate 


NEMA | 


synchro. Top speed, 120 rpm; output 
torque, 30 oz-in. max. For 117 volts, 
400 cps. Static error, 10 min of arc. 
Industrial Control Co. > 658 


RATE GYROS—Two-page Bulletin RG- 
101 illustrates and describes three rate 
Electromechanical instruments 
feature frictionless spring steel flexures 
and floating-piston dry-gas damper for 
low-threshold and low-hysteresis per- 
formance. Humphrey, Inc. > 659 


gyros. 


SOLID-STATE VOLTAGE STANDARD 

Specification sheet on Voltaloc solid- 
state standard describes 13-0z units 
with 0.000001 per cent regulation for 
any input voltage from 90 to 150 volts 
at 50 to 420 cps. D-C voltage output 
is 1.0000, nominal. Calibration accura- 
cy, 0.01 per cent. TC, 20 ppm/deg C. 
Jackson Electronic & Mfg. Co. -> 660 


SPEED REDUCERS—Folder PSU of 4 
pages describes series of fin-and fan- 
cooled reducers for fractional through 
18 hp. Types are vertical, right angle 
drive; horizontal, input above; horizon- 
tal, input below. Ohio Gear Co. —>661 


RESIN MILL SHAPES—Bulletin BR-6. 
4 pages, on mill shapes of Penton 
chlorinated polyther resins, describes 
all availabilities, including rod, strip. 
tubing, tubular bar, plate, tank linings. 
pipe, special castings, fabricated parts 


Aaa 


the line with 


with Circuit Breaker 


ye 





and coatings. Physical, electrical, and 
chemical property charts and suggested 
uses are included. Polymer Corp. of 
Pennsylvania. > 662 


SINUSOIDAL OSCILLATOR—Model S- 
100 encapsulated silicon-transistor os- 
cillator is described in data sheet. One- 
ounce unit is available for ranges from 
25 cps to 100 ke and requires 28 volts 
at 1 ma. Output is 2 volts rms with 
less than 5 per cent total distortion. 
Solid State Electronics Co. > 663 


CONTROL CABLE DATA—Bulletin DM 
5844 gives technical data on thermo- 
plastic all-purpose control cable with 
polyethylene insulation and double PVC 
jackets. Cable operating temperature, 
75 C; voltage rating, 600 volts. Six- 
page folder gives physical and electrical 
properties and table on resistance to 
chemicals. Anaconda Wire & Cable 
Company. > 664 


POWER AMPLIFIER — Specification 
sheet on Model 1012 power amplifier 
describes instrument that amplifies 
sine waves, square waves or pulses 
having amplitudes from 1 to 40 volts. 
Either positive or negative output pulses 
may be obtained with currents up to 
0.75 amp. Frequency response, d-c to 
6 db down at 12.5 me. Literature on 
the amplifier lists electrical and 
physical specifications with graph of 


output voltage vs load 
Technitrol Engineering Co. 


SPOTWELDED FASTENERS — Bulletin 
595 gives information on nuts, screws 
and pins for spot welding. In addition 
to complete dimensional information, 
the six-page folder illustrates typical 
applications for spotweld fasteners and 
gives welding recommendations for all 
parts to the most popular metal thick- 
nesses. Ohio Nut and Bolt Co. 666 


ELECTROMETERS— Units covered in 8- 
page Form 3026-9 include linear, log, 
differential current, dual linear and 
dual log types of electrometers. Illus- 
trated brochure outlines general fea- 
tures of the electrometer line, and gives 
specification data such as current 
ranges, stability and accuracy ratings, 
dimensions, etc. Linear current ranges 
are from 10-3 to 3 & 10°-!3, Victoreen 
Instrument Co. > 667 


STRAIN RELIEFS—Four-page brochure 
describes all-metal, click-on and_ in- 
sulated type strain reliefs which are 
suitable for appliances and electrical 
equipment subject to much handling. 
Cable and conductor reliefs available 
in sizes from 0.090 to 0.5 in. ID. 
George Walker Co. > 668 


impedance. 


> 665 


SIGNAL GENERATORS AND CALIBRA- 
TOR—Four-page circular describes two 
generators with ranges from 10 to 500 


me (type 225-A) and 195 to 270 me 
(type 202-G). Both instruments are 
combination AM-FM signal generators. 
Type 245 signal-generator calibrator, 
also described, has a range of 500 ke to 
1000 me and is transistorized, requir- 
ing no external power source. Boonton 
Radio Corp. > 669 


POWER RHEOSTATS—Bulletin 41, 12 
pages, contains data on screw-drive, 
graded non-inductive and double rheo- 
stats. Tubes are porcelain; brushes are 
graphite-lubricated, laminated  phos- 
phor-bronze with molded phenolic re- 
sin saddle. Wire-wound rheostats range 
from 8- to 20-in. long and 0.4 ohms to 
32 k ohms in resistance. Catalog has 
section on selecting rheostats, includ- 
ing section on selection on the basis 
ef temperature rise. James G. Biddle 
Co. ->670 


SHADED-POLE INDUCTION MOTORS 

FHP unidirectional non-geared motors 
have ratings to 4% hp at 2900 rpm. 
Sixteen-page Catalog U-1_ illustrates 
2- and 4-pole units with starting torques 
to 0.7 lb-in. Performance curves and 
motor dimensions are included. Barber- 
Colman Co. 671 


MINIATURE RELAYS Bulletins BR- 
5914 describe Model BR-7 and Model 
BR-8 miniature relay series. Both 
series are available in a-c and d-c 


MOTOR CONTROLS 


ENCLOSURES WEIGH ONE-HALF AS MUCH 


Ni. NEW WEATHERPROOF and EXPLOSIONPROOF 
ALY) 


AS CONVENTIONAL BOXES 


Offering Weatherproof and Explosionproof en- 
closures of strong, cast aluminum, one-half the 
weight of old-style cast iron boxes. Choice of 
fused or unfused Disconnect Switch or Circuit 
Breakers. 


ENCLOSURES FOR EVERY USE: 

e General Purpose - NEMA TYPE 1 

e Weatherproof —- NEMA TYPE 4 

e Explosionproof - NEMA TYPES 7 and 9 


e Industrial (oiltight and dust resistant) - NEMA 
TYPE 12 


AVAILABLE: 
e Non-Reversing, Reversing and Two-Speed Types 


e In NEMA SIZES 0 through 4 

e Front operated by means of Fused or Unfused 
Disconnect or Circuit Breaker. Circuit Breakers 
are Instantaneous or Thermal Magnetic Trip 
Types. 

e With or Without Control Circuit Transformers 


“RIGHT ANGLE” DESIGN STARTERS: 
e Straight-Thru Front Wiring ¢ Epoxy-Resin En- 
cased Coils 


e Large, Long-Life Contacts ¢ Easy Maintenance 
Proved Dependability 


Write today for engineering details on Arrow- 
Hart’s complete lines of Combination Starters 
to: The Arrow-Hart & Hegeman Electric Co., 
Dept. EM,103 Hawthorn St., Hartford 6, Conn. 


ARROW-HART of HARTFORD 


MOTOR CONTROLS 


SEPTEMBER 1952 


Quality since 1890 
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models with various header and mount- 
ing styles. BR-7 standard relay will 
handle dry-circuit contact loads to 10 
amp with operating sensitivities down 
to 40 mw. BR-8 series handles loads 
to 2 amp. Babcock Relays, Inc. ~>672 


TEST INSTRUMENTS—Instrument Cat- 
alog ES-8 encompasses amplifiers, ana- 
megohm- 
oscillators, recorders and ac- 


lyzers, deviation bridges, 
meters, 
cessory equipment for sound, vibration 
and strain measurement. B & K_ In- 


struments, Inc. ~>673 


REFERENCE GUIDE TO MILITARY SYN- 
CHROS—Publication MDSP 592-4 is 
a 4-page table of the manufacturer’s 
Size 11, 15, 18, 23, 31 and 37 synchros. 
List is arranged according to Navy 
Bureau of Number, 
with columns on function, voltage and 


Ordnance Type 
frequency. Last page is a similar table 
of MIL-S-2335 types 1, 3, 5 and 6. 
Montrose Bendix 
Corp. 


ELECTRIC HEATING ELEMENTS—F our- 
page Bulletin SHA describes and dia- 
grams forms of special strip heaters for 
heat transmission in 100 to 1200 F 
range. Shows typical applications, sug- 
gested wattages, sizes. Strips made of 
muscovite or phlogopite mica with 
nickel-chrome resistance wire. Strips 
may be sheathed in metals. 
Acra Electric Corp. > 675 


Aviation 


> 674 


Division, 


various 


SOLENOIDS—Bulletin 1300-104 contains 
information on pull-type and push-type 
solenoids for 100 million operations, 
minimum, in a-c and d-c applications. 
Seven types are described on the sin- 
gle sheet, with pull (or push) curves 
and mounting dimensions. For various 
duty cycles. Automatic Switch Co.>676 


ADJUSTABLE-SPEED DRIVES—Adjusta- 
ble-speed and drive-control problems 
are discussed in Bulletin K-250. Book- 
let presents eight pages of typical 
applications of 1% through 16 hp me- 
chanical traction-type variable-speed 
drives along with methods and types of 
remote and automatic plus 
variable-speed bedplate assemblies. 
Cleveland Worm & Gear Co., Speed 
Variator Div. 677 


control, 


DELAY LINES—Bulletins 201, 202 and 
203 (three single sheets) deal with 
refinements in delay lines, temperature 
stability and a general-purpose adjust- 
able delay line, respectively. Deltime. 


Inc. ->678 


TIME-DELAY RELAY — Four-page Bul- 
letin SM-2 offers data on small relays 
with four adjustable ranges from 0.030 
to 120 sec. Recycling and pull-in time 
is 20 millisec. DPDT timing relays are 
available for various a-c and d-c operat- 
ing voltages. Also with three terminal 


arrangements in hermetically sealed 


enclosure. AGA Div., Elastic Stop Nut 
Corp. of America. > 679 


REGULATED POWER SUPPLIES—Four- 
page, two-color Catalog 114-A describes 
line of variable-output, solid-state regu- 
lated power supplies. The catalog pro- 
vides information on two intermediate- 
current units (0 to 0.2 amp), as well 
as specification data on six high-cur- 
rent models. High-current units range 
from 0 to 1 amp up to 0 to 20 amp. 
Load regulation is 0.05 and 0.10 per 
cent. For rack or bench 
Electronic Research Associates, Incor- 


> 680 


mounting. 
porated. 


LOW-TORQUE SELECTOR SWITCH 

Four-page brochure on switch, in Size 
10 synchro housing, contains assembly 
drawing, wiring diagrams and specifi- 
cations. Starting of precision 
switch, 6 gm/cm max. Available with 
up to 10 positions. Precious-metal slip 


torque 


rings and commutator. Contact resis- 
tance, 0.1 ohm without leads or 0.3 
ohm with leads. Life, 30 million rev 
at 1800 rpm with 50 ma non-inductive 
load. Electro Tec Corp. > 681 


PREASSEMBLED NUTS AND WASHERS 

-Four-page brochure lists sizes and 
describes hex nuts with either spring- 
serrated-tooth lock 
washers affixed. Free-spinning washers. 


cup washers or 


Spring washer locks nut in place when 


VACUUM VISIBILITY TO 10° um Hc — WITH NO CHANGE IN CIRCUITS 


Vacuum Tube Products now offers you 
lonization Gauge Tubes ideally suited to 
your vacuum measurement applications. 
Features: 


@ accurate, reliable and continuous meas- 
urement of vacuums to 10°%mm Hg. 


no change in circuitry required for use 
in your existing vacuum measurement 
systems. 


availability in a variety of mountings — 
metal flanges, glass or Kovar connec- 
tions —to fit your present equipment. 


consistent, dependable performance. 


@ immediate availability in metal or glass, 
with single or multiple filaments and in 
various ranges. 


Whether supplied with original equipment 
— or bought as replacement parts — VTP 
lonization Gauge Tubes provide you with 
the ultimate in performance and long 
service life. 


For detailed data file on VTP lonization 
Gauge Tubes, write: Vacuum Tube Products, 
P.O. Box 90427, International Airport 
Station, Los Angeles 45, California. For 


export information, write: Hughes Inter- 


national, Culver City, California. 


VACUUM TUBE PRODUCTS 
a division of HUGHES AIRCRAFT COMPANY 
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Epoxy magnet wire is ideal for encapsulated systems 


Epoxy magnet wire has high resistance to heat shock and overloads. 


MAGNET 
WIRE 


EPOXY 


Not since Anaconda first offered Formyar many years ago 
has a magnet wire gained such rapid acceptance—and 
solved so many serious application problems —as_ has 
Anaconda Epoxy. 

The biggest reason—the unusual compatibility of Epoxy 
with virtually every insulation system in use today. No 
deterioration of the Epoxy film is experienced due to chemi- 
cal reaction with insulating varnishes tested to date, for 
example ... no problems from film deterioration in encap- 
sulated S\ stems. 

But Epoxy offers much more than compatibility. High 
heat resistance (Class B; 130°C)... unusual resistance to 


SEE THE MAN FROM 


ANACONDA 


Epoxy magnet wire has high dielectric strength. 


Epoxy magnet wire is unaffected by transformer oils. 


Its outstanding acceptance stems from compatibility 
— plus heat-shock resistance, thermal stability, 
high dielectric strength 


heat shock . . . high dielectric strength, even under con- 
ditions of extreme humidity excellent flexibility and 
winding properties . . . outstanding adherence of insulation. 
Epoxy magnet wire is now available in a complete range of 
sizes—rounds, squares, and rectangulars. 

Epoxy magnet wire is an Anaconda development—now 
in its fourth year of production, preceded by seven years of 
research in the Anaconda magnet wire laboratories. Why 
not obtain samples and data for your next exacting require- 
ment. Ask your Anaconda man or write for Epoxy 
Catalog No. C-101 and samples to: Anaconda Wire & Cable 
Company, 25 Broadway, New York 4, New York. 


) 


FOR EPOXY MAGNET WIRE 
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torque is applied to nut and does not 
cut into base metal. Spring washer may 
be filled with mastic for use as sealing 
washer. Reliance Div., Eaton Manufac- 
turing Co. > 682 


FLEXIBLE COUPLINGS AND SERVO- 
SHAFT JOINTS 
described in 4-page bulletin is designed 
for quick installation or 
components from equipment 


Disconnect coupling 
removal of 
without 
necessity for removing shafting. Avail- 
able in bore sizes in 42 in. increments 
to \y-in. diam. Permits § shaft-to-shaft 
misalignment of 30-deg angular, ‘4«-in. 
parallel offset. Fourdee, Inc. > 683 


SERVO CLUTCHES Catalog EM-1 lists 
specifications, performance curves and 
installation dimensions on a series of 
brakes with 
response times ranging from 28 to 120 
millisec. Similar data are provided on 
series of friction 
brakes and clutches with response times 
from 4 to 28 millisec. Specifications on 
magnetic particle clutches and brakes 


hysteresis clutches and 


electromechanical 


are included with torque ratings of 16 
to 80 oz-in. A data section discusses 
tension control. General Electro-Me- 
chanical Corp. > 684 


SELENIUM RECTIFIERS A pplication 
Notes ECG-402, on the use of VAC-U- 
SEL rectifiers, contain basic information 
on junction rectifiers, capacitive load- 
ing, purposes of capacitance in the load, 


(.. an infinite variety of standard plastic parts 
plus complete custom molding facilities 


HARRY DAVIES MOLDING COMPANY 
«1428. N. Wells Street, Chicago 10, Illinois ‘ 


how to boost the output voltage and the 
effect of capacitance on voltage regu- 
lation. Other sections in the 27-page 
booklet discuss recommended incoming 
test specifications for selenium rectifi- 
characteristics of the 
devices, protective finishes and forced 


air cooling. 


ers, frequency 


Products 


> 685 


Semiconductor 
Dept.. General Electric Co. 


SWITCH CATALOG—Four-page con- 
densed catalog describes basic snap- 
action switches, enclosed snap-action 
switches, foot switches, mercury and 
switches. PIC 
Controls Division, General Controls 
Co. > 686 


actuating Automation 


ELECTRONIC PRODUCTS Variable ca- 
pacitors, inductors, tube sockets, insula- 
tors, shaft couplings, plugs. jacks, 
knobs, dials, pilot lights and other 
components are detailed in Components 
Catalog 977b. E. F. Johnson Co. 687 


TIMING DEVICES 


chure BX 265 gives a capsule review 


Four-page — Bro- 


with “cut-away” photos of mechanical 
timers, time switches and time-delayed 
relays for military and industrial use. 


M. H. Rhodes, Inc. > 688 


MAGNETIC CORE TESTER—Automati- 
memory-core analyzer is described in 
1-page Bulletin 59-A. Rack-housed unit 
tests ferrite or bobbin cores to 0.2 my 
ibsolute accuracy. Solid state circuits 


STANDARD 
PARTS 


no tooling 
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are used for all logic operations ot 
“REACT” tester. Rese Engineering. 


Inc. -> 689 


BLOWER WHEELS—Brochure contains 
sections on double-inlet blower wheels 
(4- to 15-in. diam), single-inlet wheels 
(3- to 12-in. diam), sheet-metal hous- 
ings, inlet rings and propeller fans. 
Fourteen-page portion of brochure is 
devoted to curves of blower-wheel per- 


formance under NAFM test conditions. 
Revcor, Inc. >690 


ANALOG COMPUTERS Four-page 
short-form catalog on various lines of 
analog computing instruments contains 
brief data on operational amplifiers. 
operational manifolds, linear operators. 
non-linear operators, regulated power 
supplies, a calibrated display and a 
summary of services. George A. Phil- 


brick Researches, Inc. > 691 
POLYPHASE MOTORS — Bulletin SDA 


105 describes polyphase motors from 
14 to 30 hp in frame sizes from 56 to 
326U. Open drip-proof or totally en- 
closed, fan-cooled, explosion-proof types 
are available. Units of either type will 
carry full rated load continuously with 
a temperature rise of less than 40 C. 
Peerless Electric Co., Electric Motor 
Div. > 692 


HIGH-VOLTAGE TEST SETS—Catalog 
data sheets on sensitive Hipot testers, 


FREE 
CATALOG 


samples 


on request 
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THE RELAY THAT FLIES 
with | 
THE NEW NIKE 


NIKE HERCULES, one of America’s newest sentries of the sky, is 
faster and has a much greater range than the original version — 
Nike Ajax. Capable of carrying a nuclear warhead, NIKE HERCULES 
can blast an entire fleet of attacking aircraft. 

Among the components selected to serve this prime defense weapon 
is the RX 1402-9, a special model of the WHEELOCK Series 121 
tubular relay built to the customer’s specification. The small size, 
handy shape and mounting arrangements, and wide ranges 

of coil resistance and sensitivity make the tubular a most 

attractive choice for many applications. Chances are 

you will find your requirements fulfilled by one of the many 

models available from the standard 500 milliwatt Series 120, 

the sensitive (85 milliwatt) Series 121 or the shorter Series 123. 
Technical literature on Wheelock’s Tubular Relays available on request. 


* 1% LONG, 1%)" O.D 


SIGNALS 


90 LONG BRANCH, N. J. 
Cn 
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5 Ways Better... 


GREATLY 
ENLARGED 


end of Varglas Sili- 
cone Rubber Tubing 
shows design that 
permits knotting, 
bending and twist- 
ing to meet extremes 
of temperature 


SILICONE RUBBER Neen oro,” 
Tubing and Sleeving 


Som 


7 
WON'T CRACK, PEEL « 
7 OR CRAZE 
2| GREATER FLEXIBILITY 
HIGH DIELECTRIC 
RETENTION | 


LONG LIFE CUTS = 
REPLACEMENT COSTS ~ 


VIVID COLORS FOR eS” 
READY IDENTIFICATION ~~ =~ 


THERMAL PROPERTIES: 


Heat aging: 1000 hrs. at 250° C 
without appreciable change in 
physical or dielectric properties. 


FLAMMABILITY : 


Self-extinguishing, when tested 
in accordance with ASTM and 
NEMA procedures. (NEMA Ac- 
ceptance Test). 


ABRASION RESISTANCE: 


Durable and extra tough. With- 
stands unusual rough handling 
at all times 


CHEMICAL INERTNESS: 


Has good resistance to all oils, 
alcohols, dilute acids and alka- 
lis. Fine water resistant qualities. 


FLEXIBILITY: 


Unaffected throughout life of 
Tubing. Stays flexible from 
minus 90° F. to plus 600° F. 


FUNGUS RESISTANCE: 
Inert. No fungus growth was 
visible at 40 x magnification 
after 28 days incubation under 
“ideal” surroundings. 


Twist, bend, wrap or knot it and this tubing remains 
pliable and efficient, even under the most severe 
operating conditions. Send for free samples today. 


VARFLEX SALES CO., INC. 
309 N. Jay St., Rome, N.Y. 


Please send me sample with Bulletin and Prices. 


SALES CO., INC. i. 
Luulatim /\ ... 
SPECIALISTS 


Rome, N. Y. Company 


ee ee 
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standard Hipot testers, d-c overpotential 
testers and high-power test sets are 
available. All testers are non-destruc- 
tive. Peschel Electronics, Inc. ~>693 


FREQUENCY CONVERTER — Four-page 
Technical Bulletin 2024 describes a 
broad-range frequency converter for 
15 to 40,000 cps inputs. Type 2A con- 
verter is adaptable to all types of pulse- 
generating transducers. Applications 
include recorders, computers, digital in- 
dicators, milliameters and data-handling 
equipment. Specifications presented in 
bulletin include linearities at various 
output ratios, input signals required, 
output current at various linearities, 
accuracies, time constants and power 
requirements. Cox Instruments Div.. 
George L. Nankervis Co. > 694 


MICROWAVE FERRITE DEVICES —Bul- 
letin 59F lists ferrite devices and gives 
detailed specifications for over 35 de- 
vices which include circulators, high- 
power isolators, broad-band test equip- 
ment isolators, and ferrite duplexer 
packages. Ferrite isolators cover S-band 
through V-band; circulators cover C- 
band through Ka-band; and duplexers, 
X-band through Ka-band. Microwave 
Associates, Inc. 695 


MEGOHMMETER — Bulletin 2-1.2, 2 
pages, describes an instrument offer- 
ing resistance measurements up to five 
million megohms. Description is given 
of its six direct-reading megohm ranges 
and other features. Associated Re- 
search, Inc. > 696 


MINIATURE DIFFERENTIALS—Twelve- 
page Supplement C offers information 
on a line of stock miniature differ- 
entials. Size range of tumbling circles 
are from 5% to 1% in. Included are 
graphs of starting torque vs load and 
static friction vs load. Dynamic Gear 
Co., Inc. > 697 


SYNCHRO AND RESOLVER TESTING 

Report on techniques of control synchro 
and control resolver testing describes, 
in 25 pages, test procedures and appli- 
cation factors associated with electrical 
zero, electrical error, fundamental null, 
total null, tranformation ratio and 
phase shift. The Manual of Electrical 
Parameters for Control Synchros and 
Resolvers also contains a resume of 
application problems. Theta Instrument 
Corp. >698 


PROCESSING OVEN—Three-page Cata- 
log SS-71-TF-1 describes a basic oven 
for controlled heating processes up to 
650 F. An alternate design is applicable 
to processes up to 1200 F. Forced-air 
recirculating ovens may be used for 
mold heating, cement drying, annealing 
of some metals, stress relieving, plastic 
softening, etc. Inside dimensions range 
from 12 x 14x 12 to 48 x 48 x 48 in. 
Trent, Inc. ->699 
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ANIFORM: UNIFORM 


ICKERS. 
SILICON POWER RECTIFIERS 


SOUND ENGINEERING * PRECISE MANU- 
FACTURE «© THOROUGH TESTING 
assure 


GREATER RELIABILITY * CONSISTENT 
QUALITY « LONGER LIFE 47 ' 


Every Vickers Silicon Power Rectifier offers the same excellent 
operating characteristics: extremely low reverse current and for- 
ward drop; stability at high temperatures; greater economy, with 
current ratings as much as 25% above other rectifiers of similar 
size and price. 

This uniformity is achieved through stringent manufacturing 
and quality control techniques, with “surgical” cleanliness at every 
stage of production. Uniformity in manufacturing produces higher 
yield of perfect rectifiers at minimum cost to you. Uniformly high 
product quality means exceptional reliability—low maintenance 
costs. 

For complete information on Vickers Silicon Power Rectifiers, 
available in 2, 8 and 12 ampere sizes, contact the sales engineering 
office below, or write for Series 3300 Bulletins. 


CATALOGUE NUMBERS DIMENSIONS 
VOLTAGE T> AMPERES | 8 AMPERES | 12 AMPERES 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET - SAINT LOUIS 3, MISSOURI 


Sales sy. ouis—Céntral 1-5830 CHICAGO—JUniper 8-2125 CLEVELAND—EDison 3-1355 
Engineering DETROIT—KEnwood 4-8070 NEW YORK—LEnnox 9-1515 LOS ANGELES—DAvenport 6-8550 
Offices WASHINGTON, D. C.—EXecutive 3-2650 BOSTON (Representative) —CEdar 5-6815 
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MODEL A 
1/500 H.P. to 
1/45 H.P. 2-pole 
shaded pole 
AC induction type 


MODEL H 
1/550 H.P. to 
1/50 H.P. 2-pole 


shaded pole 
AC induction type 


& 


MODEL D 
1/90 H.P. to 
1/45 H.P. 4-pole, 
4-coil shaded pole 
4C induction type 


MODEL B 

1/80 H.P. to 1/35 H.P. 
4-pole, 4-coil shaded pole 
AC induction type 


a standard line of motors 
adaptable to hundreds 
of applications 


YOU CAN ALWAYS 


RELY on GI 


Fractional H. P. Motors 


General Industries’ standard line of motors 
is adaptable, with slight variations, to 
literally thousands of applications. This 
means that your motor requirements can 
most likely be met without additional time- 
consuming engineering. 

If you are currently using fractional horse- 
power motors, or are planning a product 
that calls for their use, phone or write 
General Industries. We’ll gladly make 


recommendations — without obligation. 


Write today for catalog sheet and quantity-price quotations. 


URE ae 


pepTt. GL ELYRIA, OHIO 
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Manufacturers’ 
Publications 


For these selected publications on mate- 
rials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source. 


PRECISION POTENTIOMETERS—Cata- 
log of 100 pages contains specification 
sheets for ordering standard  wire- 
wound single- and multi-turn precision 
potentiometers. Available by letterhead 
request to Spectrol Electronics Corp.. 
1704 So. Del Mar Ave., San Gabriel. 
Calif. 


ALUMINUM FOIL INDUSTRIAL USES 
Book of 26 pages illustrates uses for 
foil in electrical, heating, cooling and 
other applications. “Alcoa Industrial 
Aluminum Foil” is available by letter- 
head request to Aluminum Company 
of America, 782 Alcoa Building, Pitts- 
burgh 19, Pa. 


CLASS B INSULATING TUBING—Poly- 
ester varnished glass-fiber tubing is de- 
scribed in 4-page bulletin. Available 
sizes are No. 24 through 1 in. Polytube 
specifications are shown in brochure 
which is available on letterhead request 
to L. Frank Markel & Sons. Norris- 


town, Pa. 


TRANSISTOR HEAT DISSIPATION- 
Test Report No. 414 covers the sub- 
ject of cooling transistors for improved 
performance and reliability by using 
Model TO-3 transistor heat dissipators. 
Effectiveness of dissipators is presented 
in 22-page report with descriptions of 
test techniques, tabulated data, heat 
dissipator and_ transistor assembly 
methods, curve plots and illustrations 
for engineering reference. Copies may 
be obtained by letterhead request to 
Engineering Dept., International Elec- 
tronic Research Corp., 145 W. Magnolia 


Blvd., Burbank, Calif. 


ELECTRON TUBE HANDBOOK—The 
CBS Engineer's Handbook has been 
expanded into two volumes. Covering 
receiving, special-purpose and_ picture 
tubes as well as semiconductors, the 
handbook now includes EIA engi- 
neering design data on current types. 
It gives 375 characteristic curves with 
appendix explaining terms, symbols, 
characteristics and rating systems. 
Volumes contain over 700 pages in 
hard covers with 16-ring binders and 
are available from CBS-Hytron, Dan- 
vers, Mass., at $10.00 for the pair. 
Periodic supplement service for a 
2-year period is optional at $3.00 
additional. 
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PRODUCTION DOLLARS WORK HARDER 
FOR YOU WITH IBM DATA PROCESSING 


Exceeding estimates? What do materials cost? What is the labor 
utilization? What are the causes of excessive indirect costs? How do 
current costs compare with standards and budgets? 


With IBM cost-control methods you get up-to-date answers to help 
you spot runaway costs in time for action. And IBM flexibility pro- 
vides cost analyses by job number, cost center, department, part 
number and operation. 


As a direct by-product of cost controls you get mechanized related 
records . . . summary payroll card, checks and earnings statements, 
labor distribution, direct and indirect labor costs. 

COMPLETE MANUFACTURING MANAGEMENT 

In every area of manufacturing, IBM data processing systems are 
supplying information once impractical to obtain . . . Closing the 
time lag between data and management decision, _ 

For more information on IBM manufacturing management methods, 
call your local IBM representative today. IBM data processing equip- 
ment may be purchased or leased. 


IBM. _| 


DATA PROCESSING .. s 


~ 





<> | 7 NEW IDEAS IN 7 MINUTES 


It takes two things to make the cash register 
ring today: New ideas—products that people 
really want—and new materials to make 
those ideas work. Many of these are plastics 
materials such as the large, widely diverse 
line of Dow thermoplastics. These chemically 
engineered materials give the product de- 
signer more latitude and the production man 


fewer headaches. Sales managers like them, 
too, because they contribute beauty, dura- 
bility and quality in no small measure. Six 
members of the Dow family of plastics are 
portrayed on these two pages in seven 
different product improvement roles. Reading 
time: One new idea per minute. 


eR SS SS ie ct Le arena” 


STREAMLINED TV SETS: 


RESIN BREAKS THE BULK BARRIER 


NEW EPOXY 


Brighter images, fewer 
reflections, larger picture areas 
also accrue from advance in TV 
tube design 


When the TV set manufacturers set 
out to streamline TV cabinets, the first 
and foremost problem they faced con- 
cerned the “picture tube”. Conven- 
tional set design calls for a glass safety 
panel mounted in front of an oval-faced 
tube. If a contoured safety panel 


could be laminated directly to the 
tube, a saving of several inches in the 
depth of the cabinet would be possible 
and the tube face could be flatter and 
almost square due to the extra strength 
of lamination. 

Tube manufacturers brought the 
problem to the attention of Dow’s 
Coatings Research Staff. The require- 
ments: A material that would firmly 
bond glass to glass, stand up under 
the heat generated by the tube and 
not interfere with the transmission of 
the picture in any way. And, of course, 
the material had to lend _ itself to 
lamination on a production line basis. 


Dow resin chemists developed a 
new epoxy resin that met these require- 
ments with properties to spare! After 
months of testing, this new material 
is now in widespread use. 

Eliminating the separate panel has 
some other important advantages be- 
sides streamlining. The area between 
the tube and the panel always served 
as a dust catcher, resulting in fogging 
of the picture. Also, the separate panel 
often caused double 
glare, in the viewer's eyes. The new 
integrated, square-faced tube means 
greater picture area without increasing 
the basic size of the set. 


reflections, or 
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STYRON 480—Here's a trailer drainage 
system that will never corrode! Tough, dura- 
ble Styron 480 can take the vibrations and 
bumps of normal trailer operation, has 
excellent chemical resistance. 


PELASPAN'—New expand-in-place beads 
provide lightweight, durable insulation for 
this new cooler for sportsmen and picnickers. 
Pelaspan contributes maximum design flexi- 
bility, minimum production costs. 


SEPTEMBER 1959 


| TYRIL®—The housing of this car compass 
| must be rugged, nonmagnetic and have 


good resistance to chemicals and distortion 
over a wide temperature range. These 
requirements make Tyril first choice. 


TYRIL—Tyril teams excellent dimensional 
stability and chemical resistance in this 
insecticide bottle top sprayer. Its superior 
moldability helps hold close tolerances on 
close-fitting parts. 
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SALES POWER 
IN THE SHOWER 


How would you like a shower fixture 
that softens, suds and scents the water? 
Just slip a soap pellet into this new 
type of shower head and you get a full 
three minutes of all three. A new 
product that has brought the sweet 
smell of sales success to its manufac- 
turer, it’s made of smooth, durable 
Styron® 683. Its crystal clarity har- 
monizes with any decor and lets you 
see if calcium deposits are building up 
inside. The excellent moldability of 
Styron 683 was put to good use in 
forming the minute spray holes. 


HARDHEADED 
PERFORMANCE PAYS 


Sandlot grid stars wear this football 
helmet made of super tough Ethocel®. 
This lightweight, high gloss material 
is called the aristocrat of the thermo- 
plastics because it has the best resist- 
ance to impact, especially at low 
temperatures. Thus this molded helmet 
offers a maximum of safety to young 
line chargers. Ethocel also resists 
weathering and is easy to clean. Like 
most Dow plastics, it is available in 
a wide range of colors. Its exceptional 
molding characteristics make large 
one-piece moldings practical and eco- 
nomical. 


THESE ARE JUST A FEW 


of the countless ways Dow thermoplastics 
are helping to make new and improved 
product sales history. For more informa- 
tion about properties and applications 
of any Dow plastic, write to us today. 
THE DOW CHEMICAL COMPANY, Midland, 
Michigan, Plastics Sales Dept. 1513AZ9. 


Industrial Molding Materials 
Packaging Materials * Building Products 


Paint and Coating Materials 


THE DOW CHEMICAL COMPANY 
Midland, Michigan 





FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages |7 and 19. 


New 
Components 


and Materials 


A staff compilation of the latest developments 
design-in use in electrically operated end products 


screened for 
complete 


with all released specifications and available application data. 


TEFLON SPAGHETTI AND 
INTRICATE SHAPES 

Continuous extruded shapes or pro 
files (illustrated ) 
cate segmented dies are supplied to 


made from intri- 


customer's specifications and later cut 
to length. Teflon shapes may be used 


as insulators, spacers, 


ductwork and 
receptacles or plugs. Thickness at any 


supporting 
channels or terminal 
cross section is 0.10 in. max. Lengths 
as short as 0.030 in. possible. For con- 
tinuous service at 250 deg C. 

Teflon insulating sleeving, in sizes 
from AWG 0 to 30 and wall thickness 
from 0.004 to 0.020 in... can also be 
supplied in various colors and shades. 
Available in spools or specific lengths. 
Pennsylvania Fluorocarbon Co., Ince.. 
1115 North 38th St., Philadelphia 4, 
Pa. > 479 


NUVISTOR TRIODE TUBE 


Small-signal triode tubes are available 
on a limited sampling basis. Triode at 
left of illustration is compared to 
larger counterpart. Tetrode and beam- 
power tubes being developed are illus- 
trated at center and right. Nuvistor 
triode specifications: heater, 6.3 volts 


240 


at 0.14 amp: plate voltage. 100 volts 
max; plate dissipation, 1 watt max; 
grid voltage. 50 volts max; heater- 
to-cathode, 100 volts max; typical 
transconductance, 10,500 pmhos as 
Class A amplifier. Triode may be used 
as r-f amplifier or local oscillator and 
operates within range of 320 to 
+660 deg F. Radio Corp. of America. 
Tube Div.. Harrison, N. J. > 480 


SILICON RECTIFIER 


Wafer-type silicon diode rectifier, ap- 
proximately  aspirin-tablet size, is 
epoxy ceramic encapsulated. May be 
used in manufacture of radio receivers, 


x 


television sets, phonographs and tape 
recorders. Type 40E5 is rated at 750 
ma with resistive load. Capacitive load 
rating, 500 ma; piv, 400 volts. Avail- 
able in other piv ratings from 100 to 
500 volts. Audio Devices, Inc., Silicon 
Rectifier Div., 620 E. Dyer Rd., Santa 
Ana, Calif. > 481 


TEMPERATURE-SENSITIVE 
FUSE 


\ miniature fuse fires at predete: mine | 
ambient temperatures. Model 7503 will 
handle up to 15 amp continuous over 
range of —65 to +200 F. Circuit opens 


whea nominal temperature of 281 is 
reached. Internal resistance, less than 
1 milliohm at 15 amp. Other models 
available with variations of firing tem- 
peratures and current-carrying capaci- 
ties. Networks Electronic Corp., 14806 
Oxnard St., Van Nuys, Calif. > 482 


PRINTED-CIRCUIT SWITCH 


Rotary switch has 0.031 in. diam ter- 
minals that mount in_ printed-circuit 
boards up to Me in. thick. Miniature 
printed-circuit switches are 134 in. 
svuare and have 1 in. back-of-panel 


depth (including 46 in. printed-circuit 
board) for first deck. Available in 
shorting and non-shorting types with 
1 to 4 poles per deck and up to 32 
positions per deck. Switches may be 
ganged up to 10 decks. Contact re- 
sistance. 0.0015 ohm or less. Solid- 
silver alloy used for all contacts, arms 
and collector rings. Nominal contact- 
breaking capacity, 5 amp at 125 volts 
a-c. Has molded-nylon | switch-plate 
bushings and switch 
plates. Shallcross Manufacturing Co.., 
Selma, N. C. > 483 


glass-epoxy 
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Replace 866 Rectifier Tubes 
with 


"hiarzian 
TYPE $-5130 
SILICON RECTIFIERS 


10,400 piw 


sOO ma dc 


Small Size The Tarzian Type S-5130 Silicon Rectifier was designed as a direct replace- 
ment for 866 mercury vapor rectifier tubes. The S-5130 is capable of con- 
Long Life tinuous duty operation of 300 ma dc at 10,400 PIV with a resistive-inductive 
load. Smaller than the 866 tube, the S-5130 requires no filament power or 
Higher Efficiency warmup period. The Tarzian type S-5130 conserves space and performs 
more efficiently than the 866. Shock hazard is minimized by use of an im- 
Greater Circuit Safety pregnated housing. Capable of operation in temperatures to 100°C, the 
S-5130 is ideal for use in applications which demand ruggedness, efficiency 


Safety Construction and ability to withstand temperature variation. 


MAX. RMS INPUT VOLTAGE. 
No Warmup Required MAX. INVERSE PEAK VOLTAGE 
PPP ET ERT ee CCT 
MAX. DC CURRENT (MA) b iptektca it etal ake 
Sioa sa oe Lecce eeueuesececeses... SINGLE PHASE HALF WAVE 


SEND FOR es a eo sce aes eS Mas ok eo Rens i 64:60:45 09 0 dida'e 


RN og i es a RESISTIVE-INDUCTIVE 
DATA SHEET AMBIENT TEMPERATURE 100°C MAXIMUM 
NOTE: FOR CAPACITIVE LOAD DERATE DC CURRENT BY 20%. DERATE RMS INPUT VOLTAGE BY 50% 


ee a 


DEPT. M-5, 415 NORTH COLLEGE AVENUE, BLOOMINGTON, INDIANA 


IN CANADA: 700 WESTON RD., TORONTO 9, TEL. ROGER 2-7535 +¢ EXPORT: AD AURIEMA, INC., NEW YORK CITY 
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“SNIP OR CLIP’’ 
TAB TERMINALS 


Snip the lead, or clip the tab... get 
the exact terminal type you need! 
Save space and eliminate the need 
to stock two types of resistors. This 
unique feature is on General Electric 
5-, 10-, and 20-watt resistors. For 
your vitreous-enameled resistor catalog, 
follow reader service instructions below. 


General Electric Co., Roanoke, Va. 


784-12 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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70 MC CUT-OFF TRANSISTOR 


OC170 germanium transistor, 
with average cut-off frequency of 70 
me and average beta of 80, is designed 
for vhf use as a mixer for mobile 


Type 


bese eopnneton) peneee connection 


recrystallized 
layer (N type 


recrystallized 
layer (P type 


diffused base 
layer (N type 
ohmic contact 


collector tab 


radio equipment, car radios, short-wave 
receivers, and as r-f and i-f amplifier 
for FM Collector-to-base 
capacitance at V,, of —6 volts, 1.8 wf. 
Feedback base resistance at 3 mc, 40 
ohms approx. Alloy-diffused transistor 
hermetically sealed in metal container. 
Amperex Electronic Corp., 
Purpose Tube and Transistor Div., 230 
Duffy Ave., Hicksville, N.Y. > 484 


receivers. 


Special 


SERVO VALVE 


Series 31 and 32 miniature flow-con- 
trol electrohydraulic servo-valves em- 
ploy double-nozzle-flapper hydraulic 


amplifier and feature internal mechan- 
ical feedback from second-stage slid- 
ing spool to first-stage torque motor. 
Standard valves suitable for —65 to 
+350 F operation; max flow capacities 
to 16 gpm at 3000 psi. Moog Valve 
Co., Inc., East Aurora, N. Y. > 485 


COMBINATION PLUG 
AND JACK 


Type 2650 can be plugged into a 
Cambion 2378 jack on a board and 
another plug can be plugged into it 
for piggy-backing devices such as 
patch panels. Equipped with D_ slot 
or key and compression spring for per- 


a 


manent gripping power, the 2650 1s 
available in shank lengths of 0.062, 
0.093, 0.125, 0.156 and 0.219 in. It has a 
0.045-in. pin. Material, brass with 
bright alloy plate. Cambridge Ther- 
mionic Corp., 445 Concord Ave., Cam- 
bridge 38, Mass. > 486 


FLAT-CONDUCTOR 
WIRING CONNECTOR 


Plug-in connectors incorporate an in- 
sulated strain-relief handle for ribbon 
cable which is mountable to either 


male or female connector. Both rack- 
and-panel and cable-to-cable connec- 
tions can be accommodated. Methode 
Manufacturing Corp.. 7447 W. Wilson 
Ave., Chicago 31, IIL. > 487 


EDDY-CURRENT DAMPER 


Damper is designed for control of un- 


desirable forces such as_ overtravel 
motions, oscillation, force surges and 
unstable speeds. Self-contained Model 


1054 weighs 2.8 lb and has damping 


rate otf 40 in.-lb/rad/sec; inertia of 
0.033 slug ft?; peak input velocity of 
1.0 rad/sec; breakout torque of 1.0 
in.-lb, max; rotation through 360 deg: 
normal operating range. —65 to +165 
F. With adjustable overload protective 
Aircraft, Inc., 140-32 
> 488 


clutch. Lyndon 
Clifford St.. Newark 5, N. J. 


EXTRUDED VINYL FOAM 


Foam material is available in various 
profile shapes, sizes and colors. Den- 
sity of Cipco foam, 12 lb per cu ft; 
tensile strength, 108 psi. Volume of 
water absorbed by 12-in. length of 
5¢-in. sponge spline with ends welded 
together, 0.095 per cent after 72-hr 
immersion. Compression deflection: 20 
per cent at 1.85 psi, 40 per cent at 
3.10 psi, 50 per cent at 5.00 psi. When 
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—first step to better coil design 


Manufacturers of electromagnetic 
equipment can reduce material and 
production costs now—by switching 
to ALcoa® Aluminum strip windings. 
Fquipment designed with ALCoa strip 
is more compact, lighter in weight, 
and better able to dissipate heat than 
conventional wire. For information 
about recent ALCOA developments in 
this field and how they benefit you 
—please turn the page. 





NEW DESIGN CONCEPTS WITH ALUMINUM STRIP 


by Robert R. Cope, Aluminum Company of America, Pittsburgh, Pa. 


Light weight, better space factor, better heat dissipation, low 
voltage between turns, less point-to-point contact . . . these 
characteristics of aluminum strip have long intrigued designers 
of electrical windings. Today, this aluminum application is a 
practical reality. 

Intensive research and testing by Atcoa have contributed 
to important technical breakthroughs. New techniques are 
solving problems relating to edge effect, joining and insulation. 

Recently, ALCoA purchased the transformer division of 
Automation Instruments, Inc., to perfect winding techniques 
and to produce prototype coils for customers’ evaluation. 
With this added facility, the electrical windings division of 
ALCOA Research Laboratories is equipped to wind coils from 
small solenoids up to distribution transformer sizes for test- 
ing by manufacturers—an important, new service for the 
electrical industry. 


ALUMINUM’'S NATURAL ADVANTAGES 


Aluminum weighs less. In general, an aluminum strip winding 
weighs only half as much as an equivalent winding of copper 
Based on equal current-carrying capacity, 0.48 pounds of 
aluminum replaces one pound of copper. (Figures are for 
61.0 per cent conductivity aluminum, 97 per cent conductivity 
hard-drawn copper.) ALCOA No. 3 EC alloy has been devel- 
oped expressly for electrical windings. Space factor of alum- 
inum strip can be 90 per cent and higher; for copper wire, 
55 per cent to 65 per cent is typical. Thus, although an alum- 
inum strip requires more conductor volume than a conventional 
wire winding, the total space occupied by each is about the 
same. Variations in space factor will depend on the strip-to- 
insulation thickness ratio. 

Aluminum strip windings permit higher current densities 
because each turn has an outside radiating edge that provides 
effective heat dissipation. Layer-to-layer temperatures are 
constant; hot spots are virtually eliminated. The inner turns 
of a wire-wound coil cannot radiate heat as efficiently as the 
outer turns. 

In most cases, aluminum strip windings can be manufac- 
tured at lower cost than equivalent wire windings. Aluminum 
strip lends itself to automation; new high-speed winding 
techniques have reduced fabrication costs by eliminating 
much of the hand labor necessary with wire. 

Conventional wire windings require heavier insulations to 
withstand (1) abrasion during winding, (2) abrasion from 
point-to-point contact between turns, (3) layer-to-layer volt- 
age, which may be many times the turn-to-turn voltage 
Aluminum strip insulation needs to withstand only turn-to- 


interleaving sheet-type insulation 
with aluminum strip. 


Specially designed equipment for 
winding smaller coils. 


turn voltage because a single turn occupies the entire width 
of the coil. Thus, thinner and less abrasion-resistant insula- 
tions can be used, such as interleaved sheets of Mylar or 
Kraft paper . . . coatings of varnish, lacquer or epoxy 
anodized films or vitreous enamel. 

ALCOA has tested every known method of joining alumi- 
num. Some techniques proved impractical or costly. But 
successful joining has been accomplished with ultrasonic 
welding, high temperature soldering, shielded inert arc weld- 
ing, cold pressure welding, resistance welding and mechanical 
joining. Cold pressure welding is quite practical; joints have 
high strength and conductivity. Ultrasonic welding requires 
no heat, precleaning or flux; joints are made quickly between 
parts of different thicknesses, or of multiple thicknesses—and 
the weld can be made through many types of insulation. 

Where is the best application for aluminum strip windings? 
In power devices or electronic equipment, the economics of 
aluminum strip windings are indicated when customary wire 
sizes are 24 gage or larger. However, in many aircraft and 
missile applications, where weight is a critical factor, alumi- 
num strip is a natural application regardless of size. 

Here, at a glance, are the main areas of comparison: 








HARD-DRAWN ALUMINUM STRIP 
COPPER WIRE No. 3 EC 


Weight (Ib /cu in.) 0.321 0.098 
Specific gravity 8.89 2.70 
Coefficient of linear 

expansion (/°C) 
Thermal conductivity 

at 20°C / watts/sq in. 

( in. /°C ) 

Electrical conductivity 

at 20°C, per cent IACS 97 61.0 
Electrical resistance at 

20°C (microhms/sq in. /ft) 8.40 13.14 
Temperature coefficient 

of electrical resistance 

at 20°C (/°C) 
Modulus of elasticity 


PROPERTY 





0.000017 0.000023 


7 6.0 


0.00381 
17 x 106 


0.00409 
10 x 106 


ALcoa Aluminum Electrical Windings will reduce your costs 
and improve your product. We'd like to prove it. Send your 
specifications to us and we will wind sample coils. Then make 
your own test. 

ALUMINUM COMPANY OF AMERICA, 2260-J Alcoa Building, 
Pittsburgh 19, Pennsylvania. 


Preliminary testing of foil-wound 
transformer. 


Send for Alcoa's new 


¥. 


ag ty seme enone ssa Conductor Selector 
Chart, a convenient 
slide rule for convert- 
ing standard wire 


ALCOA 
ALU AAIN U AA 


ALUMINUM COMPANY OF AMERICA 


sizes to equivalent 
strip conductor. 





® 


PRECISION 
FREQUENCY 


STATIC 
INVERTER 
SUPPLY 


INPUT 28V D.C. + 10% 
OUTPUT Nom. 115V + 2% 
400 CPS + 0.01% 
1 @ (2- or 3-phase output available) 
RATINGS: 30VA 50VA 100VA 
Higher ratings available. 


APPLICATION: 


For gyro wheel supplies and 
where precise 400 cycle 
voltages are required in air- 
craft, radar and missile 
computers. 


FEATURES: 
PRECISION OUTPUT FREQUENCY 
RUGGED 
EXCELLENT WAVEFORM 
SIMPLICITY OF CIRCUITRY 
FAST STARTING TIME 
GOOD VOLTAGE REGULATION 
throughout on adjustable range 
ISOLATED CASE DESIGN 
HIGH RELIABILITY 
VIBRATION ISOLATED 
COMPACT 
LIGHTWEIGHT 
MILITARY SPECIFICATIONS 


(Send for Bulletin $-864) 


MAGNETIC 
AMPLIFIERS, INC. 


632 TINTON AVENUE © NEW YORK 55, N.Y. © CYPRESS 2-6610 


West Coast Division 
136 WASHINGTON ST. © EL SEGUNDO, CAL. © OREGON 8-2665 
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compressed 55 per cent through dia- 
meter for 24 hr and released, 10 to 
15 per cent recovery is immediate, full 
recovery in 10 hr. Carolina Industrial 
Plastics Div., Essex Wire Corp., Mount 
Airy, N. C. ->489 


SMALL CAM SWITCH 


Hermetically sealed, miniature, 
solenoid-operated cam switch is de- 
signed for over 100,000 cycles of oper- 


ation and 800,000 contact breaks. Type 
C-3837 is for 24 to 30 volts d-c opera- 
tion at 125 C ambient. Current rating, 
1 amp. Unit designed for 7-pole, 18- 
position shorting with interrupter and 
homing features. Dimensions: 154 x 
12% x 234 in. Tech Laboratories, 24 
E. Edsall Boulevard, Palisades Park, 
Neds ->490 


EPOXY IMPREGNATING 
SYSTEM 


Low-viscosity epoxy resin can with- 
stand operation at 500 F and has heat 
distortion temperature of 370 F. Isofil 
211 working life is 2 weeks. Liquid is 
light amber mobile resin; clear, trans- 
parent solid when cured. Has flexural 
strength, ASTM-D638-56T, of 20,500; 
hardness, Shore D, 89; water absorp- 
tion, ASTM-0570-57T, 0.4 per cent; 
dielectric constant at 1000 cps, ASTM- 
D150-54T, 3.7. Isochem Resins Corp., 
221 Oak St., Providence 9, R.I. 491 


MINIATURE RECTANGULAR 
CONNECTORS 


Heavy-duty connectors have  closed- 
entry contacts and are available in 
three contact arrangements for appli- 
cations requiring combinations of co- 
axial and conventional contacts, con- 
tacts for No. 16 and 18 AWG wire, 





REVCOR 


we can keep 
you informed 
of the latest 


Single and double In- 
let. Diameters from 
3-27/32"' to 15°’. 
Widths 1’ to 15”. 
Housings and Inlet 
Rings also available. 


FAN BLADES 


8 types for ail 
applications. Di- 
ameters from 6” 
through 48”. 


AVAILABLE 


ate falda et taal oe 
ing the complete 
tela al) 


REVCOR 1c. 


257 EDWARDS STREET 
CARPENTERSVILLE, ILL 
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IS YOUR 


BEST SOURCE 


FOR 
SOLDERING LUGS 
TERMINALS 


PRINTED CIRCUIT 
HARDWARE 


HERE’S WHY: 


@ Specialized high production 
techniques afford lowest possible 
unit cost. 


® Precision tooling, rigid quality 
control assure tolerances to critical 
specifications. 


@ Ample stocks of over 1000 differ- 
ent parts permit prompt delivery. 


® Malco specializes in a complete 
line of small stampings for Radio- 
TV, electrical/electronic and auto- 
motive industries. 

@ Our line includes terminals and 
printed circuit hardware in loose 


or in chain form for automatic 
insertion. 
Let Malco show you how you can save 
on production time and costs. Contact 
us today. 


REQUEST 
BULLETIN 
552 


—— = 
Wee MANUFACTURING COMPANY 


4021 W. LAKE ST. ° 
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CHICAGO 24, ILL. 


and 41 contacts for No. 18 AWG wire. 
Body material of Series 2000 connect- 
ors is Orlon-filled diallyl phthalate. 
Current rating is 7.5 amp for 0.058- 
diam solder cup, and 10 amp for 
0.076-diam solder cup. DeJur-Amsco 
Corp., 45-01 Northern Blvd., Long 
Island City 1, N. Y. 492 


INCREMENTAL 
SHAFT ENCODER 


Encoder Model ES-100 provides a 100- 
pulse output for 360 deg of shaft rota- 
tion. Pulses read out by two magnetic 
readout heads phased 14 pulse period 


with respect to each other, permitting 
determination of rotation direction as 
well as angle. By using magnetic, non- 
contacting readout the encoder is im- 
mune to effects of contact wear, dirt 
and dust, humidity, temperature, alti- 
tude, pressure, vibration, acceleration 
and shock. Can be used as rotational 
velocity indicator, as conventional 
shaft-position digital encoder or as 
multi-turn encoder. Can be adapted to 
reading shaft angle in point-to-point 
machine-tool process- 
control instrumentation. Applied Sci- 
ence Corp. of Princeton, Box 44, 
Princeton, N. J. +493 


control or in 


ELECTRICAL CONTACT ALLOY 


Spring bronze alloy is for use in elec- 
trical small electrical 
parts which may become overheated. 
Alloy 828 is 92 per cent copper. Con- 
ductivity, 28 per cent IACS at 68 F 
(annealed). Electrical resistivity, 37 
ohms (mil ft) at 68 F. Thermal con- 
ductivity, 71 Btu/sq ft/ft/hr/deg F at 
68 F. Bridgeport Brass Co., 30 Grand 
St., Bridgeport 2, Conn. > 494 


contacts and 


ELECTRONIC TIME-DELAY 
RELAYS 


Transistor timing modules are accu- 
rate to +3 per cent of nominal delay. 
Built-in DPDT or 3PDT relay pull-in 
may be from 0.070 to 300 sec. Accu- 
racy of 28-volt units maintained from 
18 to 31 volts d-c input, —55 to +125 


bee 

YOU SAY 

the full line of 
WEST VIRGINIA 

PRESSBOARD 

INSULATION 
combines better 
dielectric quality 

with uniformity and 


low cost 
) 


YES, 
each of the 
three grades 
gives you a wide 
choice of thicknesses. 
No metal particles! 
100% virgin kraft 
stock is used in all. 
They can save 
production money 
for you. 


PRESSITE .... for Air... Oil... 
Askarel Transformers. Anabsorbent, 
unsized board of 100% virgin kraft 
stock free of metallic particles. 
Excellent dielectric, physical and 
chemical properties. Thicknesses: 
031" to .250". Color: natural kraft. 


ELECTRITE .. . Harder Board for 
Variety of Punchings. A high grade 
board treated with natural rosin 
size for moisture resistance. High 
tensile strength. Punches clean. 
Thicknesses: .031" to .250". Two 
colors: brown and black. 


DENSITE... Extremely Hard Board 
... Sized or Unsized. Used by many 
manufacturers to replace more cost- 
ly types of insulation. Thicknesses: 
-031" to .125". Color: natural kraft. 


Write: Board Products Sales, 
West Virginia Pulp and Paper 
Company, 230 Park Ave., New 
York 17, N.Y. 


West Virginia 
Pulp and Paper 
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DEVINE solves impregnating 
problems in electrical industry 


The compact unit installation 

above is a Devine vacuum 

impregnating system designed to 
impregnate ignition coils and condensers. 


Impregnation with 
Devine Equipment offers: 


Higher Electrical Efficiency Tighter tolerances 
Longer Life No danger of hot spots 
Improved Insulation Faster production time 


Leading manufacturers consult J. P. Devine on 
impregnating problems with good reasons: with 
over 50 years’ experience in the field, it has solved 
the most difficult tasks, and offers such special 
features as automatic quick opening covers, auto- 
matic controls, and unitized construction for 
minimized installation costs. Devine has equip- 
ment in operation all over the world. 

Devine designs impregnating systems to mect 
any electrical industry problem, with any degree 


of automation. Send your samples to our Pitts- 
burgh laboratory and let Devine engineers help 
you determine the type and size of impregnating 


The pressure vacuum impregnating system above features 
Devine special quick opening covers and is equipped 
with a Devine design fully automatic program control. 


equipment you require. 


Write for our new Catalog No. 202, 
‘‘Devine Vacuum Pressure Impregnators”’ 


A UNIT OF 


J.P. DEVINE MFG.CO. fier i 


PITTSBURGH, PA. BOM Te 


49th St. & A.V.R.R. 


New York Office: 500 Fifth Ave., New York 36, N.Y. Phone: Wisconsin 7-7769 
Export Office: 50 Church St., New York 7, N.Y. Cable Address: ‘“Brosites” 
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Other J. P. Devine Products 
for the Electrical Industry: 


e Vacuum Drying Equipment 
© Vulcanizers 
@ Mixers and Blending Equipment 





“JIC” Wireways and auxiliary fittings 


“JIC” Enclosed wiring troughs 


bm EMI he am) 


KEYSTONE 


liquid-tight “JIC” wiring enclosures 


“JIC” Terminal and 
Pull Box Enclosures 


Keystone now offers a complete line of “JIC” 
wiring enclosures designed to provide positive, 
sealed protection against dust, dirt, oil, water 
and coolants! You'll find liquid-tight wireways, 
fittings, troughs, boxes and cabinets in a wide 
range of sizes to meet your exact needs—all 
produced to the electrical specifications of the 
Joint Industry Conference Standards. 

What's more, when you want an item, you get 
it—fast—from large stocks maintained at both 
factory and regional warehouses! In addition, 
Keystone offers a complete design and build 
service for producing custom enclosures to 
fulfill your special requirements! 


NEMA Type 12—“JIC" 
Control Panel Enclosures 


Oil-Tight 
Pushbutton 
Enclosures 


3 NEW CATALOGS—Contain complete 
information on the entire Keystone 
quality line. Send for your free set today! 7G 


23358 Sherwood Road e Warren, Michigan 
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deg C and vibration to 20 g at 2 ke. 
Tempo Instrument Inc., Box 338, 
Hicksville, N. Y. —>495 


SMALL PM 
SYNCHRONOUS MOTOR 


Enclosed motor is adaptable to servo- 
mechanisms, automatic machines, re- 
mote control and numerical control 
systems. At 60 cps the speed of Slo- 
Syn is 72 rpm without gear reduction. 


OT ip 
f ? 


ff 


4 


ew 
—~ 2" @0r 


o 
20 wars $$ 


+ 


Torque, 150 oz-in.; SP3T switch can 
give starting, stopping and reversing 
control of 3-lead motor. When used as 
stepping motor, d-c impulses are con- 
verted into 200 or 400 increments of 1 
shaft rev. Rated torque maintained for 
any stepping position. Rated input is 
120 volts, 40/70 cps, 1-phase; current 
is 0.3 amp max at 60 cps. Weight, 6.5 
lb. Models having integrally mounted 
resistor and capacitor and speed-re- 
ducing planetary-gear assemblies also 
available. Superior Electric Co., 83 
Laurel St., Bristol, Conn. >496 


MULTIPLE-CIRCUIT 
PLUG AND RECEPTACLE 


Terminals of connectors are crimped 
to wires and snap-lock into male and 
female units; easily removed with 
ejector tool. Skirt on phenolic resin 
plug serves as terminal protector and 
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MAGNET WIRE 


... UNSurpassed for hermetic and 
other rigorous applications 


Developed originally for hermetic applications and 
accepted for such use because of its excellent resistance 
to Freon refrigerants, LectALite magnet wire is prov- 
ing to be of great interest in other electrical products. 
As LectALite is 20° to 25°C higher in heat-aging 
characteristics than Formvar and has excellent resist- 
ance to cut-through under heat, it offers superior 
performance in many other types of windings. ANY WIRE PROBLEMS? Write, 


LectALite magnet wire is insulated with a smooth, stating your wire problems, or 
uniform film of Lecton, an aqueous dispersion of an mail coupon for the complete 
acrylic polymer. Applied by a dip and bake process, magnet wire catalog. 

Lecton enamel gives a uniform rich mahogany color 


to the finished wire. | AUTO-LITE GENERAL PRODUCTS GROUP 


Outstanding properties of LectALite are: exceptional Wwe end Cable Givision 
: - ae on. cas . | Toledo 1, Ohio 
resistance to Freon 12 and Freon 22, dielectric | 
strength, film adherence, thermoplastic flow, high | Please send new magnet wire catalog 
temperature rating, heat shock, heat aging, and mois- | 
ture resistance. LectALite’s physical, electrical, and | Name 


chemical properties equal or exceed those of Formvar. 
| Company 


LectALite is a member of the full Auto-Lite line of out- 
standing magnet wire—BondALite « DacALite « IsALite « 
LectALite « NyALite « SodALite | City and State 


a Listen to NBC “NEWS ON THE HOUR” brought to you 
by Auto-Lite, Monday through Friday, 7 a.m. to 11 p.m. 
® 


GENERAL PRODUCTS GROUP 
WIRE AND CABLE DIVISION * TOLEDO 1, OHIO 


Plants at Port Huron, Michigan, and Hazleton, Pennsyivania 


| Address 
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assures proper polarity. Snap clips for 


Let ad a DUTY Saturable tial as panel installations. A unit for 15 cir- 


P cuits measures 14g in. long and %4 in. 

control A ds tae requirements wide. Rating, 614 amp per connection 
at 125/250 volts a-c. Available for up 

to 60 circuit combinations. Molex 


2 ar ‘ts ; 95 5 Ss i ; ; 4 ; a 
Hevi-Duty Saturable Reactors are used for the Products Co., 9515 Southview Ave 


manual or automatic control of power to a load. Brookfield, Hl. 497 
Loads such as electrically heated equipment, 
motor starting circuits, test boards and many other 


industrial power uses are ideal applications. STANDOFF INSULATORS 

By changing the magnetic characteristics of the 
reactor core, the impedance can be varied by ; ; 
means of a direct current control winding. This off insulators for switch, fuse and bus- 
feature provides: support applications range from 2! 


1. Stepless control in the AC power circuit. 


Flame-retardant center-post-type stand- 
» 


2. A wide range of control with smooth and 
even adjustment over the entire range. 


3. Small voltage drop in reactor at full satu- 
ration, permits 90% of the line voltage to 
be applied to the load. 

The Hevi-Duty Reactor is a compact unit re- 

quiring a minimum of mounting space and is 

sturdily constructed to give years of dependable 
service. Each reactor is rigidly tested to meet 

or exceed NEMA Standards. If you have a 

Saturable Reactor application, Hevi-Duty engi- 

neers will be glad to design or assist you in 

selecting the proper size for your particular ap- 
plication. For additional information on Hevi- 

Duty Saturable Reactors, write for Bulletin 500 to 3% in. high. Molded glass-fiber-re- 


today. inforced polyester insulators are rec- 


ognized by UL under number E23525. 


HEVI-DUTY ELECTRIC COMPANY Steel-plated inserts are available. Glas- 
HEAT TREATING FURNACES HEVieDUTY ELECTRIC EXCLUSIVELY tic Corp., 4321 Glenridge Rd., Cleve- 


= ATOR ‘ . 
DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS land 21. Ohio. >498 
MILWAUKEE 1, WISCONSIN 
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HEAVY RADIAL-LOAD 
bring yourself up-to-date on HRIFNiltc 


Bearing will carry heavy radial loads 


at OB Oe eg alo deed. “Soper Man” boning 
made in light, medium and heavy series 
oe ey 2 ae 
COATINGS 


SS ae for 
. electronic 
applications 


CHARACTERISTICS 


PL ee Z / 5 i 

mechanical, thermal and elec with bores from 63/64 in. to over 4 
trical properties of HumiSeal : swan alt , ‘ saring 
thy egrets Oh ft USE in. Depe nding upon rpm and bearing 
Sa Le type, radial load ratings vary from 


CTU Me Ur ae Se SU ‘ : , 
apport vee § ved agri 681 to 46,400 lbs. Hoover Ball and 


Tren) sa aed Bearing Co., 5400 So. State Rd., Ann 
tronic applications, Arbor. Mich -> 499 


For your FREE Copies write on your company letterhead, 


Cae Le Veet athe Vee ES SECTORS 


Double-diffused rectifiers are rated at 
1400 to 2000 piv. Available in axial- 


a) oS 31 AVENUE _— VOODSIDE i Je 3 
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Which Motor 
is Right for 
Your Job? 


‘NOW! Let General Electric ECONO-MATCH Motors 


to Meet Your Specific Drive Requirements 


You have over three billion different designs and types of 
integral hp a-c motors to choose from. And, it is increasingly 
difficult and costly to make this choice. It will pay you to 
find out how General Electric engineers can do this motor 
selection job for you. 

THIS NEW MOTOR SELECTION SERVICE, ECONO-MATCHING, 
is the perfect matching of motor to machine and application 
for over-all economy, improved machine performance and 
greater reliability. 

HOW ECONO-MATCHING WORKS—G-E engineers work 
closely with your designers studying machine characteristics: 
speed, torque, duty cycle, life expectancy, environmental 
conditions, etc. Then, through use of computers and ad- 
vanced design techniques, General Electric can supply 
exactly the motor required for your job. 

FOR EXAMPLE, the Reed-Prentice injection molding machine, 
shown at right, had been using a standard 40-hp motor. 
By ECONO-MATCHING, G-E engineers determined that 
a smaller, lighter, more compact 30-hp motor with improved 
electrical characteristics could do the job required. Although 


this special 30-hp motor cost slightly more than a standard 
30-hp, it provided greater efficiency and cost considerably 
less than the 40-hp motor it replaced. It also cut space and 
weight requirements. G-E has also ECONO-MATCHED 
motors for crane, compressor, and other applications. 


GENERAL @@ ELECTRIC 


MAIL THE ATTACHED 
COUPON TODAY... 


Section 891-21E 
GENERAL ELECTRIC CO. 


Schenectady, N. Y. 


or call your nearby General Electric Ap- 
paratus Sales Office for complete informa- 
tion on how G-E can ECONO-MATCH a 
motor to meet your specific requirements. 


Please furnish more information on how you can ECONO-MATCH a motor 
for my application which is __ ‘ i siden 


ii initia 


ere Ue 


COMPANY 


CITY, STATE. 
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"MADE BY ENGINEERS FOR ENGINEERS” 


to 
YOUR 


specifications 


FOR 40 YEARS we've built Blue Chip 
cord sets, tailored to the particular 
needs of America's top electrical manu- 
facturers. Let CORNISH Rugged Indi- 
viduals enhance the performance of 
your equipment and the prestige of your 
name .. . despite heat or cold, shock 
or vibration, ozone or chemical hazards 

. in rubber, neoprene or plastic . . . 
in decor colors if specified. 


CONSULT US WITHOUT OBLIGATION 


\ \y 


© 


Support your local 


ADEQUATE 


WIRING BUREAU 


Program 


Producers of Quality Wire Products 


of 


a 
‘ 


eT Be ee 


50 Church Street 


New York 7, N.Y. 


@ CINCINNATI 
@ KANSAS CiTy 


for Home, Farm and Industry 
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ki Berks 
lead top hat, 746 in. stud and insulated 
stud mounts, these hermetically sealed 
JEDEC series units feature up to 10 
amps rectified current; 1 pamp leak- 
age at 25 C; 2 volts forward drop at 
25 C. Columbus Electronics Corp., 
1010 Saw Mill River Rd., Yonkers, 
My >500 


ENVIRONMENT-RESISTANT 
PLUGS 


Family of plugs meet MIL-C-5015, 
new revision D, as light-weight en- 
vironment-resisting units for use in 
new equipment. Type MS-R series 


S 
= 


use moisture-sealing grommet at exit 
of wires and are 25 per cent lighter, 
30 per cent shorter than older MS-E 
series. Cannon Electric Co., Box 3765, 
Terminal Annex, Los Angeles 54, 
Calif. >501 


ALL-TRANSISTOR 
POWER SUPPLY 


Line of regulated supplies is short- 
circuit-proof; unsealed units with 25 
mv max ripple. Regulation is 0.1 pei 
cent, line or load. Output voltage, vari- 
able; for 60 to 400 cps. Transistor 
Devices Inc., 11 Hamburg Turnpike, 
Riverdale. N. J. >502 


(Continued on page 254) 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 


THEY TOOK ADVANTAGE 


OF (NO MAINTENANCE) STATIC CONTROL 


Cutler-Hammer, Inc. and Arthur G. McKee & Co., 
American experts at control system and steel mill de- 
sign, respectively, have just paid due respect to the 
problem of servicing complex automatic equipment in a 
foreign land thousands of miles away. They have in- 
stalled CoNTROL Switching Reactors and Transductors 
in the blast furnace automatic charging control de- 
signed for an Argentine steel company. Why? Because 
under normal operation, CONTROL Switching Reactors 
simply don’t wear out! Yet look what they do: (1) They 
sequentially count charges and other functions and 


register this information on the operator’s control 
panel; (2) through logic switching, they control and 
interlock the static skip hoist drive, the blast furnace 
large and small bell actuators, the automatic coke 
charging system, and the alarm system... tying them 
all into the operational cycle of the blast furnace. This 
is static control, so named because Switching Reactors 
have no moving parts. Totally enclosed, these high 
permeability magnetic devices operate in the gritty, 
corrosive atmosphere of the steel mill with never a 
shutdown for maintenance. Want details? Write us. 


STATIC CONTROL: 
simple and standard 


From where do your signal pulses 
come? Limit switches? Push but- 
tons? Relays? Any transducer with 
an electrical output? The CONTROL 
Switching Reactor compiles them, 
remembers them, and then acts 
(logically) when the right one 
comes along. It’s a selective device, 
for by presetting it, you will insure 
its operating only upon the proper 
combination of signals. The result? 
A CONTROL Switching Reactor will 
replace a relay system, and once re- 
placed, you minimize maintenance 
and other old-fashioned worries. 
And there’s a size for every need up 
to 300VA output. There are CON- 
TROL reactors which operate from 
standard line voltages, others which 
deliver standard load voltages, and 
now there’s one which takes 120 
volts in and gives 120 volts out! Full 
details? Your copy of our catalog 
awaits your request. 


Reliability begins with CON 
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THREE LITTLE WORDS=logic, switch, operate 


If you want some insight into Cutler-Hammer’s insight, there are three 
words (above) to pay special attention to. Logic: CONTROL’s Switching 
Reactors are designed to take a variety of input signals to be fed into 
several isolated control windings and thus provide AND, OR, NOT, MEM- 
ORY and TIME DELAY sequences. Switch: Orthonol® cores provide stiff 
snap action going from “off” to “fon” states. The power switching ratio is 
2500:1, even under 10% over-voltage conditions. Operate: There’s no need 
for auxiliary hardware. CONTROL reactors directly operate such loads as 
solenoids, motor contactors and magnetic clutches. They’re ideal fer the 
solid state thryratron. They han- 
dle single loads up to 300VA. We 
have an engineering bulletin, giv- 
ing full details on the CONTROL 
reactor which drives the solid 
state thyratron. Write for a copy. 


CONTROL Switching Reactors 
in Cutler-Hammer system 


ae 
& 
oe 


A DIVISION OF MAGNETICS. INC 


DEPT. EM-77. BUTLER, PENNSYLVANIA 


Circle 235 on page 17 





STOP 


guessing at 
soldering iron 
temperature |! 


O modern... 


standardize on NEW 


Waller 


SOLDERING IRONS 


SENSING 
ton ee with built-in 


'... fully protected 
by oc sheath of 
stoinless steel. Tip 
premium-plated for 
longer life. 


NCW WE 


“= temperature 
oro Ke) 


Now... your pro- 

duction soldering 

irons can be as pre- 

cisely controlled as 

other modern tools you : HANDLE 
use. Weller, long a leader in ‘ STAYS 
soldering, brings you solder- CooL 
ing tools that automatically naw 
maintain correct soldering ~. . tinvous use. 
temperature . . . never over- 5 

heat! You get reliable connec- 

tions every time, with less 

down time and less tip re- 

dressing. Check these modern 

features: 


@ Weigh % as much as uncontrolled 
irons .. . less operator fatigue 


@ Save current when idling . . . less tip 
maintenance 


® 3-wire grounding cord ... plugs into handle 


4 models in 4 different wattages 


MODEL TC-40— MODEL TC-60— MODEL TC-120— 
40 watts; $go0o 60 watts. For $1900 120 watts. $4450 


list medium elec- : For heavy 
MODELTC-55— trical solder- list electrical list 
55 watts; for $900 ing. soldering. 
printed cir- li 
cuits. ist 


GET THE FACTS... 


WELLER ELECTRIC CORP. 
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WRITE FOR NEW MAGNASTAT BULLETIN! 


601 Stone's Crossing Rd. 
Easton, Pa. 


LEADSCREW-ACTUATED 
POTENTIOMETER 


Miniature wirewound potentiometer 
has power rating of 1.0 watt and op- 
erating temperature of 175 C max. 


Model 220 Trimpot is available in re- 
sistances from 100 ohms to 20 k ohms. 
Size, 3/16 x 5/16 x 1 in. Mounts with 
2-56 screws through stainless eyelets. 
Terminal types either gold-plated cop- 
perweld wires or  Teflon-insulated 
stranded leads. May be converted to 
panel-mount style. Bourns, Inc., Box 
2112, Riverside, Calif. >503 


INTEGRAL HP MOTOR 


Lightweight continuous-duty 400-cycle 
motor is rated 4.0 hp at 3250 rpm. 
The 3-phase 200-volt motor is used in 


applications requiring high starting 
torques. Hoover Electric Co., 2100 So. 
Stoner Avenue, Los Angeles 25, Cali- 
fornia. ->504 


THREE-CIRCUIT 
LIMIT SWITCH 


Switch applications include safety in- 
terlock systems to tie together two or 
three functions without an additional 
relay, and to control a motor and simul- 
taneously start or stop a timer or other 
control. Three-pole limit switches 
made in two models: LIOOWTR for 


em biel. 
LOXSWITCH 


tn = oe : 
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PUTTING MAGNETICS TO WORK 


Vive la difference in Hy Mu 80! 


For greater sensitivity—Magnetics, Inc. makes Round Hy Mu 80 for more output at low flux densities 
For greater gain—Magnetics, Inc. makes Square Hy Mu 80 for more voltage amplification 


There’s an important difference in the two basic kinds of 
Hy Mu 80, Round Loop and Square Loop. By taking advan- 
tage of it, you design magnetic amplifiers with better perform- 
ance and efficiency characteristics. We stock standard tape 
wound cores made of both, to be sold at non-premium prices. 
We want you to order the right kind. 


Round Hy Mu 80 is demanded when flux densities are down 
around the 10 to 50-gauss level. Its high initial permeability 
results in great sensitivity. It also means fewer windings, thus 
smaller sizes. Combine higher inductance, great sensitivity and 
small size, and if you are a designer of devices like low level 
transformers or thermocouple amplifiers, then you want Round 
Hy Mu 80 tape cores. 


On the other hand, if you design sensitive high gain magnetic 
amplifiers you need Square Hy Mu 80. The transfer curve is so 


linear and so nearly vertical that a minute change in input 
produces an extremely sharp response. When only a small bias 
supply is available, you get a lot more amplifier per dollar. 
Preamplifier designers are among our best customers, 

So vive la différence! Order the right Hy Mu 80 for your needs. 
We'll supply either, and what’s more, we'll supply them 
quickly. Want the full story? Write Magnetics, Inc., Dept. EM-71. 


Butler, Pennsylvania. 


MAGENETICS inc. 


“ell 
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Dependable...long- 
lived...rechargeable 


This child holds a voice in her hand... the Kett 
Electro-Larynx. A push of a button sets a column 
of air vibrating in her throat, gives sound to 
words formed with mute lips. 


The Electro-Larynx will prove a boon to thousands 
of people who cannot speak for one reason or another. 
To give it a reliable, long lasting, sealed rechargeable 
source of power, Kett Engineering Corp. chose a Gulton 
“VO” series sealed nickel cadmium button cell battery. 


How Can You Use These Batteries? 

Here is a partial list of the many ways imaginative 
engineers are employing Gulton button cell batteries: 
transistorized radios, prosthetic devices, missiles, 
flashlights, photoflash power packs—wherever small size, 
large capacity, light weight, long life, no maintenance, 
complete reliability, and easy recharging are desired. 


Most Complete Line Available 

“VO” cells are available in capacities of 100, 180, 250, 
500 and 1750 mah; have a nominal 1.2 voltage; can be 
packaged in any combination to meet your voltage 
specs. Patented sintered plate construction provides 
exceptional cycling characteristics; highest capacity 
per unit size. Like more information? Write us for 
Bulletin No. VO-110. 


Available from stock— 
GLENNITE BATTERY DISTRIBUTORS 
92-15 172nd Street, Jamaica, New York 


Gulton Industries, Inc. 


Alkaline Battery Division, Metuchen, New Jersey 
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clockwise operation circuits; model 
LIOOWTL for counter-clockwise oper- 
ation with one NC and two NO cir- 
cuits. Both switches reversible to give 
one NO and two NC circuits. Series 
have 70-deg overtravel in both direc- 
tions, fully-isolated circuits, solid-silver 
contacts and are water, oil, and dust 
tight, NEMA 12. R. B. Denison Manu- 
facturing Co., 102 St. Clair Ave. N.W., 
Cleveland 13, Ohio. >505 


TRANSISTOR 
RADIATOR-RETAINER 


Series of radiators for cooling transis- 
tors mount directly on chassis or 
printed-circuit board and serve as re- 


tainers. Mounting accomplished by 
tapped hole in mounting base of Type 
3AL-675 radiator. Sizes and modifica- 
tions available to cover TO-6, TO-7 and 
TO-9 packages. Material is aluminum 
with anodized finish. Industrial Div., 
Birtcher Corp., 4371 Valley Blvd., Los 
Angeles 32, Calif. >506 


NEMA 12 CONTROL-PANEL 
ENCLOSURES 


Heavy-duty enclosure sizes range from 
30 x 60 to 36 x 90 in. for single door 
and 42 x 60 to 72 x 90 in. for double- 


door unit. Series 8170 and 8171 have 
doors gasketed with closed cellular 
neoprene. Latching bars adjustable for 
max compression. Machinery Electri- 
fication, Inc., 56 Hudson St., North- 
boro, Mass. ->507 


TWO-PHASE SERVO MOTORS 


Servo motors include gearhead and 
non-gearhead models in RBC 2407 
series. Control windings are center- 
tapped for push-pull circuits and have 
standard impedances of 5400 or 2700 
ohms (locked rotor) and 7400 ohms 

(Continued on page 259) 
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Count on 


to show you why 


you can measure the difference in dollars 
when you use the right type for the job 


from stock 


a, y 


NANA AN 
Whew hw AwAvAe/ ww’ why’ 


For top-rated QUALITY and uniformity 


U 


CONTINENTAL ge, 


SCREW COMPANY, NEW BEDFORD, MASS. 


HOLTITE FASTENERS 


HY-PRO TOOL COMPANY... 
RESEARCH ENG. & MFG., INC. SUBSIDIARY 


DIVISION 
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Which fasteners will serve best and 
save most in your assemblies? 
Many types of screws look much 
alike, but the difference between the 
right and wrong choice for your 
job can often make a big difference 
in assembly costs. 


Since Continental makes and 
supplies all types, their recommen- 
dations are unbiased. They can 

tell you if you should be using some 
“standard” you have overlooked. 
Or, if a “special” will save you most, 
you can rely on Continental’s 
specialized experience to design 
and produce it at the lowest 
possible cost. 


CHECK YOUR ASSEMBLIES 

Find out where Continental's 
cost-saving ideas can cut your 
assembly costs. Talk to a 
Continental Assembly Specialist. 
For prompt service, write or phone: 
Continental Screw Co., 

455 Mt. Pleasant St., 

New Bedford, Mass. 


HOLTITE PHILLIPS 

AND SLOTTED HEAD 

WOOD * MACHINE * TAPPING 
THREAD CUTTING * 

HANGER AND STOVE BOLTS * 
SEMS * NYLOK 

HY-PRO PHILLIPS 

INSERT BITS AND HOLDERS 





| 


: 
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THE WATIONAL SCENE 


H 


' 


) 


] 
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‘‘Here’s a boxful of cost-cutting, 
product-improving ideas for you”’ 


In versatility, performance and cost, Vulcanized Fibre may help crack your next design problem 


look at this National product and its almost un- 
ot 


rail joint insulation for railroads; clothes hampers 


For proof 


believable range uses. To name a few: delicate surgical 


instruments 
for the home; dense, durable gears and cams; flexible backings 
for abrasive disks; arc chutes for lightning arrestors; motor 
insulation; punched tape for data processing machines; formed 
athletic guard equipment 

Among engineering materials you'll find National Vulcan- 
ized Fibre unique and surprisingly economical. It weighs only 
half as much as aluminum. It has unsurpassed arc resistanc 
low thermal conductivity, excellent resilience and high abrasion 
resistance. Ir absorbs sudden and repeated shock and impact 
without failure. And it is available in a fire resistant grade 

After 100 years, users are still finding new things they can do 
to Vulcanized Fibre. It can be machined, polished, painted, 
embossed, lacquered and combined with other materials, such 
as laminated plastic, aluminum, wood, rubber, asbestos or 


copper. It can even be formed or deep drawn into intricate 
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shapes. Available in both standard and special forms and sizes 

Send for our special kit of samples (shown above)—write on 
your letterhead please—and evaluate the design possibilities 
personally. Let us know what use you have in mind. We'd like 
to help. National Vulcanized Fibre Co., Dept. C-9, Wilmington 


99, Delaware. 


1. “Peerless” Electrical In 
sulation. 2, Embossed, viny! 
finish. 3. Corrugated “Peer- 
less’ .010. 4. Fibre and 
““Mylar."’5. Cold embossed 
6. Fibre-Copper, two-sides 
copper. 7. Black Commer- 
cial. 8. Fibre-Laminated 
Plastic, two-sides fibre 
9. Red Commercial. 10. 
Corrugated. 11. Rod. 12. 
Tube. 13. White. 14. Fibre 
Armored Plywood 
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CHOOSE FROM THESE MATERIALS... 


Vulcanized Fibre: 10 standard grades; 
many special grades. 

PHEeNouite® Laminated Plastic: over 80 
standard and modified grades; paper, 
cotton fabric, nylon, asbestos, glass 
fabric, cotton and glass mat bases; 
phenolic, melamine, polyester, epoxy, 
“TEFLON” or silicone resins. 


Peertess Electrical Insulation: coil, strip, 
corrugated. 


Extruded Nylon: 2 grades; rod, strip, 
pressure tubing, special shapes. 
Polyester Glass Mat: 4 standard sheet 
grades; custom molded shapes. 


PHenoute Copper-Clad Laminates: 
10 standard grades. 


Combination Materials: Rubber- 
PHENOLITE; Rubber-Fibre; Wood-Fibre; 
Metal-Fibre; Asbestos-Fibre; PEERLESS- 
PHENOLITE. 


BACKED BY THESE SERVICES... 


Field Application Assistance 
Complete Fabricated Parts Service 
Stock Program for Immediate Shipment 


BY CALLING THESE OFFICES... 


VAlley 3-0393 
.. TWinbrook 4-3500 
AUstin 7-1935 
GArfield 1-0632 
ERieview 1-0240 
DAvis 4-4386 
3-2077 
34-3632 
8-1308 
W Alnut 3-6381 
Los Angeles RAymond 3-0291 
Milwaukee BRoadway 6-6995 
ee. er eee LOcust 2-3594 
Newark . . Mitchell 2-6090 
kee WS oak ic tcneed es COrtlandt 7-3895 
Philadelphia .. .<SHerwood 8-0760 
Pittsburgh 1-3939 
Rochester Hillside 5-0900 
St. Lovis.. aes 5-9577 
5 
6 
2 


Baltimore 
Boston. . 
Chicago 
Cincinnati . 
Cleveland 
Dallas ... 


Detroit 
Griffin, Ga 
Indianapolis 


St. Petersburg . . .5-5505 
DAvenport 6-4667 
MElrose 2-7298 
OLympia 5-6371 


San Francisco 
Seattle 
Wilmington 
IN CANADA: 
National Fibre Co. of Canada, Ltd. 

Toronto .. LEnnox 2-3303 
Montreal .. AVenue 8-7536 


@ NATIONAL 
P w) VULCANIZED FIBRE CO. 

WILMINGTON 99, 
In Canada 


NATIONAL FIBRE COMPANY OF CANADA, LTD., Toronte 3, Ontarie 


DELAWARE 
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(no load). Size R-24 motors are re- 
versible and include gear reductions 
of 5/1, 10/1, 30/1, and 60/1. Special 
types can be provided. All gear motors 
stock series (illustrated) are rated at 
loads of 1.1, 2.5, 5.0, 15 and 30 oz-in., 
at 1300, 270, 135, 44 and 22 rpm. 
Holtzer-Cabot Motor Div., National 
Pneumatic Co., Inc., 125 Amory St., 


Boston, Mass. ->508 


DELRIN EXTRUSIONS AND 
FABRICATED PARTS 


Extrusions and fabricated parts made 
from the DuPont thermoplastic “Del- 
rin” are offered in strip, rod, tubing or 


special shapes. Strip comes in widths 
up to 7 in. and thicknesses from 0.020 
to 0.093 in. Rod diameters range from 
14 in. to 2 in. From these basic ex- 
truded forms, a variety of fabricated 
parts, employing conventional machin- 
ing operations, can be produced. Na- 
tional Vulcanized Fibre Co., 1059 
Beech St., Wilmington, Del. —>509 


SOLID-ELECTROLYTE 
TANTALUM CAPACITORS 


Miniature tantalum capacitors  de- 
signed to meet applicable military 
specifications are 0.125 x 0.250 in. 
long. Electrical leakage, less than 


VARIAN 
Potentiometer 
RECORDERS 


Used by the thousands 


because... 


1. THEY ARE TRULY 


PORTABL. 


The Varian G-11A weighs only 
15 pounds and can be carried 
anywhere in the laboratory, 
plant or field. And because it is 
a potentiometer recorder, it is 
highly sensitive and can be 
adapted to extremely varied 
recording requirements, 


Varian recorder prices from $365; 
full-scale balancing time 1 or 234 sec- 
onds; ranges from 0-9 millivolts to 
0-100 volts, wide choice of speeds, 
accessories and charts. Full specifi- 
cations and description available by 
writing the Instrument Division. 


VARIAN 


PALO ALTO 23, CALIFORNIA 
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KLEIN PLIERS 


make wiring faster 
...easier 


208-6PC 


Many Klein Pliers are 


available with a coil spring to 


keep jaws in open position. 


Spring is guaranteed for the life 


of the plier. 


Daa el hae ee dl) teal ate 


There’s a lot to like in Klein Pliers. 
There is a size and style for every 
job, even the toughest wiring as- 
sembly. All are made of finest alloy 


steel, individually tempered and 
tested. They are backed by the Klein 
name, serving industry for more 
than 100 years. 


Yours for the asking— 


free copy of the new 


Klein Pocket Tool Guide. 


ASK YOUR SUPPLIER 
Foreign Distributor: International Standard Electric Corp., New York 


WElees aaa, & Sons 


1200 McCORMICK ROAD 


CHICAGO 45, ILLINOIS 
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0.01 pamp per pf-volt for 6 to 20 
volt units and 0.04 pamp per pf-volt 
at 35 volts. Capacitance range, 0.22 
to 0.68 wt. Operating temperature 
range, —80 to +125C; dissipation 
factor, less than 6 per cent. Magnavox 
Co., Dept. 823, 2131 Bueter Rd., Fort 
Wayne, Ind. >510 


MINIATURE THREE-GEAR 
DIFFERENTIAL 


Differential for servo systems has a 
backlash of 8 min. of arc and _ break- 
away torque of 0.03 oz-in. Tumbling 
circle, 1.380 in.; recommended load at 


2500 rpm, 75 oz-in. max. Solid-shaft, 
six-bearing differential is of 303 stain- 
less steel except for 24 ST aluminum 
spider gear. Overall length, 1.888; 
shaft diameter, 0.1847 in. Shaft lengths 
to 4 in. Lesser backlash and/or de- 
mountable end gears available. Dy- 
namic Gear Company, 20 Merrick Rd., 


Amityville, L.I., N. Y. >S11 
MINIATURE CONNECTORS 


Gold-plated, copper-alloy, closed-entry 
contacts are embedded in moisture- 
proof resilient (protected by 


cadmium-plated aluminum shells) of 


inserts 


environmentally sealed connectors. 


Try-Lock double-stub 
coupling types available. In addition to 
connectors with threaded aluminum 
back shells, “Bantam” line includes 
potting-boot, open-wire seal and cable- 
clamp types. Meet MIL-C-26482 
(ASG). H. H. Buggie Div., Burndy 
Corp., Toledo, Ohio. >512 


PLUG-IN CIRCUITRY MOUNTS 


Standard 7-pin miniature mounts pro- 


bayonet and 


(Continued on page 264) 
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ACTUAL SIZE 


BARDEN ‘W’ retainer 
reduces torque peaks... 


eliminates retainer lock 


Low-torque reliability for gyros, synchros and other torque-sensitive components 


“W”" retainer bearings are 
available flanged or un- 
flanged, shielded or open, 
in sizes most in demand 
%” O.D. and under. For 
complete technical infor- 
mation write for engineer- 
ing data sheet W-1. 


An instrument bearing that passes all normal torque tests can develop excessive torque peaks in 
operation. In gyro gimbals, synchros and similar applications the result is erratic component 
performance. To solve this reliability problem, Barden developed the “W” ball retainer. 
Field tested and proved in actual operation, Barden “W” retainer bearings are specified for a grow- 
ing number of torque-sensitive applications. * * * Jn gimbals on the Sidewinder they contribute to 
the missile’s reliability. * * * In attitude gyros they save one manufacturer $100 per unit by 
reducing costly teardown, 
Like other Barden advances in engineering and manufacturing, “W” retainers answer a specific 
performance problem. Other Barden Precision ball bearings satisfy such extreme demands as: 
* High temperatures (to above 400°F) + Low torque (to 10 dyne-cm. for 2 lb. load) 
* High speeds (to over 300,000 RPM) * Concentric rotation (to .00005” max. T.I.R.) 


The complete Barden line includes sizes from .0469” bore to over 3” O.D., all manufactured to 
Barden Precision standards of dimensional accuracy, uniformity and reliability. Refer to Sweet's 
Product Design File (8h/Ba) for Barden catalog and bearing selection guide. 


for reliability...specify BARDEN <}> PRECISION BALL BEARINGS 


THE BARDEN CORPORATION, 69 East Franklin St., Danbury, Connecticut 
Western office: 36850 Wilshire Boulevard, Los Angeles 5S, California. 
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TYPICAL 30 HP part-winding start motor dimensions 


SMOOTH, 


“CUSHION” START 


with new Century Electric 
part-winding start motor 


This new motor . . . at either 1200 or 
1800 rpm’s . . . will give you smooth, 
““cushion”’ acceleration. No cogging, jerk- 
ing or jarring equipment. No sub-synchro- 
nous stalling. Just dependable torque with 
the same 40% reduction in starting current 
of all Century Electric part-winding motors. 


New winding—A special winding scheme 
makes this extra smooth start possible. 
Special cross connections are made between 
coil groups of the basic motor winding. 
Result: balanced stator field on first step 
position . . . no cogging . . . smooth accel- 
eration. Means that now motors will give 
better performance on part-winding start. 
Also, more time can be taken for acceler- 
ation because the winding does not go 
**across the line’’ until the rotor has reached 
a higher speed. 


Applications—Have an application 
where power company restrictions limit in- 
rush current? The complete line of Century 
Electric part-winding start motors is the 
answer. They provide the most economical 
and dependable way of starting equipment 
with low-starting torque such as fans, blow- 
ers, centrifugal pumps, and compressors, as 
well as reciprocating compressors equipped 


with unloading valves. And with new 
Century Electric part-winding motors 
heavier loads than ever before can now be 
brought smoothly up to speed. 


Construction—Century Electric part- 
winding start motors are available in ap- 
proximate range of 20 to 150 hp sizes and 
in speeds of 1200 and 1800 rpm. They all 
have the high quality construction features 
of all Century Electric squirrel cage induc- 
tion motors . . . coils are insulated with 
tough polyvinyl acetal resin . . . windings 
are dipped and baked with several coats of 
high temperature synthetic varnish which 
protect against oil fumes, mild acids and 
dust and grit .. . rotors are dynamically 
balanced so that motors run with extreme 
quietness and smoothness . . . rugged cast 
iron frame construction assures long life 
and low noise level. 


Application aid—A Century Electric ap- 
plication engineer will be glad to discuss 
your part-winding start problems with you. 
Century Electric also makes a complete 
line of motors . . . all sizes and types from 
1/20 to 400 hp. For a copy of the new 
Century Electric Motor Application Guide, 
please write for bulletin 270A. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


Key BA Ett #1 UY 
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SPEED-TORQUE curves show how transfer to full 
winding can be made at higher speed after current 
has fallen off. 
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The quickest 

most practical way 
to put strong threads 
in soft materials 


the TAP-LOK’ 
INSERT 


* IN SOFTER METALS AND 
PLASTICS... Has full V-form 
external threads to provide 
maximum locking torque 
and permit wide choice of 
mating hole sizes. Recom- 
mended for soft aluminum, 

=" zinc die castings, sand cast- 
ings and plastics. Meets 

SLOTTED requirements of MIL-MS- 

35914. 


as 


FOR HIGHER STRENGTH MA- 
TERIALS. . .Has heavy wall 
and truncated root external 
thread and three-hole cut- 
ting edges for hard-to-tap 
higher-strength materials 
and to meet MIL and other 
specs calling for Class 3B 
thread fit for gaging after 
installation. 


FOR SPARK PLUG SOCKETS 

.. Designed to eliminate 
thread wear and renew 
damaged threads in spark 
plug sockets in aluminum 
cylinder heads. Available 
from stock for standard 
plug sizes to meet most 
common needs. 


P-SERIES 


FOR WOOD ...Has coarse 
pitch external threads of- 
fering maximum strength in 
combination with ability to 
be driven into thin sec- 
tions without splitting 
them. For furniture, cabi- 
nets and other wooden 
parts where strong, per- 
manent threads are needed, 
or that are frequently as- 
sembied and disassembled. 


Another fastener development from — 
TAP-LOK / croov-pin 
/ CORPORATION 


1128 Hendricks Causeway, Ridgefield, N. 3. 
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ary 


vide method for encapsulating small 
components including semiconductors. 
To use case and header combination: 
mount circuitry on top of header, place 
header in and insert epoxy 
through hole in top. Case and header 
are of molded for good bond 
between potting material and case. 
U.S. Dielectric Products, Inc., 98 
Adams St., Leominster, Mass. ->5]3 


case 


epoxy 


STEPPING MOTOR 
AND CONTROL 


Instrument-size digital step motor and 
solid-state bi-direc- 
tional controlled step output for input 
signals up to 3 ke, high instantaneous 


control provide 


rates, high resolution 
and linear response. Self-locking, non- 
oscillating provide outputs 
from 1 in.-oz for instrument-size mo- 
tors to 100 in.-lb for industrial-size. 
With 36 to 108 revolution. 
Digitork motors rated for continu- 
ous, intermittent or stalled operation 
through 24 to 250 volt d-c range. 
Teller Co., Box 989, Butler, Pa. +514 


response step 


motors 


steps per 


LIGHTED PUSHBUTTON 
SWITCH 


Solenoid-held lighted panel switch is 


designed for control panels 
which require an electrical interlock 


Solenoid actuate 


use on 


system. cannot 


mie 
ma 


Precisely Regulated for 
Missile Testing and 
General Use 


SILICON 
POWER 
SUPPLIES 


available in 30 standard- 
ized and militarized models 
from 30 to 1500 amps... 
6 to 135 volts. CHRISTIE’S 
QUALITY CONTROL is 
approved by the A.E.C., 
leading aircraft and missile 
manufacturers. 


Write For Bulletin AC-58-A 


CHRISTIE 
ELECTRIC CORP. 


3410 W. 67th Street 
Los Angeles 43, Calif 
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NY CALEX 


CORPORATION OF AMERICA 


MYCALEX: 410 
glass-bonded mica 


the world’s most nearly perfect 
precision-molded electronic insulation 


“gives high impact strength . . . superior 
insulating value;’in C'T' .’s TACAN beacon 


Latest achievement in air navigation and traffic control is TACAN, an advanced radio 
air navigation system developed by ITT LABoraToriés, DivisiON OF INTERNATIONAL 
TELEPHONE AND TELEGRAPH CORPORATION, for the U. S. Navy and Air Force. 

Prominently featured in the 12 KV discharge switch of TACAN’s ground beacon 
transmitter is MYCALEX 410 glass-bonded mica insulation. Here and in other appli- 
cations, this precision-molded insulation shows exceptional mechanical strength and 
superior electrical resistance. It will withstand operating temperatures to +600°F . . . 
and has total dimensional stability ! 

Why was MYCALEX designed into this item? Says ITT: “M YCALEX was selected 
because of its high impact strength and excellent insulating properties, which we found 
to be as good as or better than grade L-4B in ceramic. In addition, the good molding 
properties of MYCALEX made it possible to design the insulator with convolutions 
which increased the creepage path to ground.” 

MYCALEX 410 is one of a wide variety of glass-bonded mica and ceramoplastic 
insulation materials created and perfected by MyCALEX CORPORATION OF AMERICA. 
Whatever insulation characteristics you require, there is a MYCALEX material to meet 
your need. For example, SUPRAMICA® 560 precision-molded ceramoplastic offers 
a maximum operating temperature of +932°F ...and SUPRAMICA 620 machinable 
ceramoplastic offers a maximum operating temperature of +1550°F. Write today 
for specifics. 

General Offices and Plant :123-G Clifton Blvd., Clifton, N. J. 
Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y. 


WORLD'S LARGEST MANUFACTURER OF GLASS-BONDED MICA AND CERAMOPLASTIC PRODUCTS 


“SEE OUR NEWEST PRODUCTS, BOOTH 836, INSTRUMENT-AUTOMATION SHOW, SEPT. 21-25.” 
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switch, but is used to hold circuit after 


U PG RAD 2 YO U a ' Se | momentary switch is actuated. Push- 
Pal il button is colored plastic and may be 

7 va ee or 4 c 8 ae ith stamped with a legend. Illumination 
, ; source, 6 or 28-volt lamp. Switch, dou- 

ble-pole, 5 amp. Solenoid, 28 volts. 


PROG ey 2 iS Line of lighted switches includes one, 


two, three and _ four-lamp models. 
Electrosnap Corp., 4218 W. Lake St., 
Chicago 24, Ill. 515 


The Re Problem 
ONCO over Way..cc TUT 


Wiring system is designed to utilize 


BRIG H rt EN depth behind relays in building control 


; : panels. Units are of hinged aluminum 
Brighten with LONCO COPPERBRITE #48- 


HT, the oxide remover that does not etch 
away your copper and cause contamina- 
tion of your solution and board, but does 
completely clean off surface oxides and 


hydrates. Lasts longer, too! 


PROTECT 


Protect your Copperbrite surface with 
LONCO SEALBRITE #230-10. Keeps away 


s . 3 : modular construction with — built-in 
oxides and dirt and improves ultimate 


wiring compartments. Relays are 
soldering with its unique solder-assist mounted on top surface and control 
coating. Effectively inhibits oxidation dur- f wires are contained underneath. Each 
ing high temperature cure of solder resists. module swings out so control wires 
can be snapped into place behind flex- 
ible vinyl retaining fingers. Units pro- 
vide for containing both horizontal 
and vertical wiring. Wyr-Way. Inc., 
250 Mt. Hope Avenue, Rochester 3. 
ee 2 >516 


Mask out solder “take” with LONCO 
PC#33-R SOLDER RESIST—the hard, tough 
film that performs excellently over Seal- 
brite #230-10. Minimizes bridging, im- STRAIGHT-LINE 
proves soldering of uncoated areas, greatly SPEED REDUCER 


enhances appearance of the finished board. : fs 
Reducer series capacities range from 


0.077 to 147 hp. All have 5.06:1 to 


FLUX 1478:1 ratios with output speeds from 


' 0.49 to 350 rpm. Cast housings of 
Flux with one of the new LONCO RESIN- : 
speed reducers are _ foot-mounted, 


FLUXES that give you greater solderability flange-mounted or are extended hous- 
and less corrosion potential. Now you can ; ings with foot-mounting. Lima _ Elec- 
satisfy the strictest requirements of both é tric Motor Co., Lima, Ohio. >517 
production and quality control depart- 

ments—and get perfect soldering at safe, 

low temperatures! 


CLEAN 


Clean flux residues from your boards by simple dip with a LONCO FLUX REMOVER. 
Removers are designed to wash off flux residues at a maximum speed consistent 
with safety to the delicate components and materials involved. (oe 


Get the Facts... Ask for full information on any or all of 


Lonco's printed circuit problem solvers. Request special bulle- 
tin, Soldering of Printed Circuits. 


1537 N. 31st AVENUE « MELROSE PARK, ILLINOIS yn , 
MEMBER OF INSTITUTE OF PRINTED CIRCUITS <aTTs (Continued on page 268) 
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EXTSWJ running time meters register 
from 1/10 second to 99,999 hours 


The new Cramer Type 632 running 
time meters, or time-totalizers, offer 
a simple, accurate means of record- 
ing elapsed time in many industrial 
or laboratory operations. They are 
applied to forecast the need for repair 
or servicing of equipment, to record 
total operating time or down time, 
and to supply time data for check- 
ing the operating performance of any 
circuit, machine, or electrically-pow- 
ered system. Direct current and 400- 
cycle alternating current units, avail- 
able in limited time ranges, fulfill 
the need for monitoring laboratory, 
military and experimental equipment 
where portability is often important. 


Operation 

A Cramer constant-speed motor 
drives a precision drum-type counter 
when power is applied to the motor 
circuit. From the instant the motor 
circuit is closed, elapsed time is 
recorded on the counter, in the total 
ranges and unit counts shown in the 
table below. The high-torque and 
instant start-stop characteristics of 
the motor assure reliable accuracy 
at all counter speeds. Control cir- 
cuits to the motor can be arranged 
to operate the counter during equip- 
ment running time, during idle time, 
or during any specified operational 
phase. 


Features 


TIME RANGES — 9,999.9 seconds to 
99,999 hours (see Table). 


MOTOR RATINGS — 115 or 220v ac, 60, 
50, and 25 cycles. In limited time 
ranges, motors are available for 115v 
400-cycle ac, or for specified voltages 
between 6 and 32v dc. 

RESET — optionally available, in all 
time ranges. 

piats — Chinese square (illustrated), 
or standard round. 

MIL-SPEC UNITS — available in hermet- 
ically sealed construction, to meet 
applicable specifications of MIL-E- 
5272A. 


TYPE 632 


Also available with 
standard round dial 


TYPE 632 TIME RANGES 


COUNTS 
1/10 sec. 9999.9 sec. 
99999 sec. 
999.99 min. 
9999.9 min. 
99999 min. 
9999.9 hr. 


99999 hr. 


1 sec. 
1/100 min. 
1/10 min. 
1 min. 
1/10 hr. 
1 hr. 


and for 1/100-second accuracy, the Type 691 precision stop clock 


In scientific research, and in many in- 
dustrial and military applications 
requiring extremely precise time total- 
izing, Cramer Type 691 performs the 
same basic function as Type 632 but 
with still greater accuracy and flexibil- 
ity. Total time ranges are either 60 min- 
utes or 60 seconds. The inner scale on 
the dial reads directly in minutes or 
seconds. The outer scale reads either 
seconds or .01 minute for the 60-min- 
ute units, or .01 second for the 60-sec- 
ond unit. Reset is electrical, in 1/10 


second, actuated either remotely or by 
a dial pushbutton. Motors, clutches and 
solenoids are available for all standard 
ac voltages and frequencies, and for 28 
volts dc. One or two load switches 
(SPDT) are optionally available, for 5 
amps at 115 and 230 volts ac or 2 amps 
at 28 volts dc. For load-switch oper- 
ation, cams are precision cut to exact 
user specifications. Military units are 
available in hermetically sealed cases, 
to meet vibration, shock and other 
requirements of MIL-E-5272A. 
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CRAMER CONTROLS 
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Box 8, Centerbrook, Connecticut 
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CONDULET* 


Explosion-Proof and Dust-Ignition-Proof 
Electrical Equipment 


With a wide choice of UL-approved items for every Class 
and Group under the National Electrical Code, Crouse-Hinds 
Condulets offer the world’s broadest line of electrical equip- 
ment for hazardous locations. Crouse-Hinds adds an extra 
margin for safety in design, construction, and the minimizing 
of human error in installation, operation and maintenance . . . 
all with an economy of bulk that enables you to make the best 
utilization of precious plant space. 


CALL ON CROUSE-HINDS FIELD ENGINEERS for assistance with 
any problem involving electrical equipment for hazardous areas. 


Breathers ond Drains * Communication Equipment * Control and Indisating Stations ® Fittings 
Fixture Hangers * Flexible Couplings * Instrument Enclosures * Junctions ® Lighting Fixtures 
Motor Starters and*Circuit Breakers * Panelboards ® Pilot Lights ® Plugs and Receptacles 

Process Control Boord Components * Seals * Signals, Alarms * Switches ® Unions 


* Registered 


CROUSE @HINDS 


MAIN OFFICE AND FACTORY: SYRACUSE. NEW YORK 
Crouse-Hinds Company of Canada, Ltd., Toronto, Ont 
Crouse-Hinds Instrument Company, Inc., Silver Spring. Maryland 
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MINIATURE 
VOLTAGE COMPARATOR 


GO, NO-GO comparator may be used 
in automatic control, automatic voltage 
calibration, continuous monitoring or 
in combination for discrete evalua- 


tions. Comparator uses silicon and 
germanium transistors. If V, and V, 
are input signals, when V, is more 
than V,, a DPDT relay is closed as GO 
condition. Contacts of relay available 
for external connection. When V, is 
greater than V,, NO-GO condition 
exists. Detectable differences, 8 mv d-c 
or 3 mv a-c; repeatability of trip 
point, 1 mv; input impedance, 1 meg- 
ohm. Power requirements, 115 to 125 
volts a-c, 60 or 400 cps. Optimized 
Devices, Inc., 864 Franklin Ave., 
Thornwood, N. Y. >518 


SOLDER-CLAD BASE-TAB 
STAMPINGS 


Clad stampings, used in making ohmic 
junctions to germanium or silicon 
junction-type transistor triodes, consist 
of pre-determined layer of high-purity 
solder alloys (such as_ tin-lead-anti- 
mony, tin, lead or indium) metallur- 


gically bonded to base-tab conductor 
(Kovar, nickel, or nickel-iron alloys). 
Ratio between solder and base usually 
6:1. Composite stampings available in 
diameters from 0.030 to 2.00 in. OD, 
in thickness from 0.002 to 0.010 in. 
overall. Tolerances held to +0.00025 
in. on diameter and to +0.0003 in. on 
thickness. Accurate Specialties Co., 
Inc., 37-11 57 Street, Woodside 77, 
Pins >519 


FAN-FILTER BOX 
COMBINATION 

Saucer fan which is 15% in. deep (260 
cfm free delivery) is available in com- 
bination with matched filter box. 
Filter box uses media P96A_viscous- 


ELECTRICAL MANUFACTURING 





Light as a 128-Passenger Feather 


Because it makes practical use of the 
remarkable strength-weight ratio of the aus- 
tenitic stainless steels, this all-stainless steel 
railroad passenger car weighs 25 tons less 
than other so-called modern equipment. 


It is an important contribution to railroad 
operating economy and efficiency because 
its stainless steel structure guarantees mil- 
lions of miles of service between overhauls 
—its gleaming exterior requires no paint. 


Designed and built by The Budd Company, 
it is considered one of the greatest engineer- 
ing achievements of the century—made pos- 
sible only by that brawny beauty stainless 
steel. 


In your product engineering when weight is 
a problem and strength a necessity the 
answer can be found in stainless steel’s 
unique combination of strength, durability 
and beauty. 


J&L leads the industry in melt shop standards 
for stainless steel—the point where quality starts, 


and engineering achievement begins. 


YK Plants and Service Centers: 


Los Angeles + Kenilworth (N. J.) * Youngstown « Louisville (Ohio) « Indianapolis + Detroit 


STAINLESS 


SHEET + STRIP + BAR + WIRE 


Jones & Laughlin Steel Corporation « STAINLESS and STRIP DIVISION ¢ Box 4606, Detroit 34 
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O.E.M. 
ENGINEERS AND 
PRODUCT MANAGERS 


DEVELOP NEW PRODUCTS FOR YOUR 
COMPANY TO SELL USING DURAKOOL'S 
STEEL-BODIED “NUDE” MERCURY 
TILT-SWITCHES. 


Basic uninsulated switches now avail- 
able to designers and manufacturers 
of wiring harness assemblies. Ideally 
suited for hot or cold molding into your 
product. 


Prices from 8% cents each. 


Capacities: 1 to 65 amperes: 6 to 460 
volts. 


Ideal for DC or AC loads. 


Sizes from .366” to .975” in diameter; 
600” to 3.44” in length. 


Write for bulletin D-49 and price sheet 1053. 


D k fc 
EL «K DIANA 


si ae 1 N 


301 Fifth Ave. So., Minneapolis 15 

4747 Bronx Blvd., New York 70 

1969 Avenue Rd., Toronto 12 

P. 0. Box 1352, Postal Station 0. Montreal 
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CONNECTIONS 


JONES 


SHIELDED TYPE 


PLUGS & SOCKETS 


LOW LOSS PLUGS AND SOCKETS FOR 
HIGH FREQUENCY CONNECTIONS 


O2aSS MUG BODT- 
TWN PLATE 10 20 mS 


For quality construction throughout, and fine finish, see J 
Ze P-202-CCT 


irely fastens unit 


lagram abo 

101 Series furnished with '4 290 5/16 a or 

Knurled nut sec 

together. Plugs have ceramic insulation; sockets bakelite 
Assembly meets Navy specifications 


ferrule for cable entrance 


P-101-%4 


202 Series Phosphor bronze knife-switch type 
socket contacts engage both sides of flat plug con 
tacts--double contact area. Plugs and sockets have 
molded bakelite insulation 

For full details and engineering data ask for 
Jones Catalog No. 22 


JONES MEANS PROVEN QUALITY 


HowaRD B. Jones DIVISION 


NCH MANUFACTURING OMPANY 


aa NITED-CARR FASTENER CORP 
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impingement filter which incorporates 
r-f shielding. Filter is metallic, per- 
manent and washable. After assembly 
is mounted, frame and filter may be 
removed for cleaning by lifting frame 
outward. Rotron Manufacturing Co., 
79 Schoonmaker Lane, Woodstock, 


at. »529 


GRAVITY-SENSING 
ELECTROLYTIC 
POTENTIOMETER 


Electrodes in tube filled with electro- 
lyte are arranged so that when unit 
is in a horizontal position, the re- 
sistance from two operational elec- 


- 


trodes to the common electrode is 
equal. When unit is tilted, air bubble 
moves, causing resistance to increase 
on one operational electrode and de- 
crease on other. When EP-1012 switch 
is balanced, resistances are 700 and 
700 ohms: at 14 deg. resistances are 
3.5 k and 500 ohms; at 1% deg. elec- 
trode resistances are 12 k and 425 
ohms. Unit reaches saturation at ap- 
proximately 34 deg. Hamlin, Inc., 1316 
Sherman Ave., Evanston, II]. >521 


MAGNETIC CLUTCHES 
AND BRAKES 


Clutches and brakes, for use in servo 
and control systems, analog computers 
and general instrumentation, may be 
supplied wound with Teflon for Class 


H temperatures. Frame size 5, 2.5 


ELECTRICAL MANUFACTURING 





For your toughest insulating 
problem, choose from the 


industry’s widest range- 


SPEED AUTOMATIC PRODUCTION of printed circuits with 
warp-resistant C-D-F metal-clad Teflon* and epoxy laminates. 
Other advantages: high bond strength of copper to laminate, 


aia 


glass-base laminates 


Teflon”, silicone, epoxy, melamine, and phenolic glass- 


; ; : HIGH-VOLTAGE (1800v.) RF ISOLATION is achieved by 
fabric laminates. Polyester glass-mat laminates. ( : 


miniature C-D-F Dilecto gears in an aircraft receiver-trans- 
. : ‘ mitter switch. They also had to exhibit dimensional stability 
You can improve design, speed production, and save money through a wide temperature range, resistance to fungus growth 


by specifying one of the many C-D-F Dilecto grades. ee 
Whatever your application for these laminates — with 
fine- or medium-weave glass-cloth base — you'll find a bet- 
ter answer to your problem at C-D-F. (Melamine can also 
be made with glass-mat base.) And C-D-F offers modern 
machining and fabrication facilities to deliver production 
quantities of finished Dilecto parts to your specifications. 
See our catalog in Sweet’s Product Design File, where 
the phone number of your nearby C-D-F sales engineer 
is listed. For free trial samples of glass-base Dilecto, or of 
any other C-D-F plastics, mica, or fibre product, send us PRECISE MACHINING AND FABRICATION are standard 


your print or your problem! Write for your free copy of benefits of Dilecto laminated plastics. These silicone glass- 


. — : . base parts (coil mountings, aircraft terminal board) were 
C-D-F Technical Bulletin 64. sawed, drilled, punched, and milled in production quantities 
* 


PONT TRADEMARK FOR TETRAFLUOROETHYLENE RESIN by C-D-F and customer. 


PROPERTIES OF SOME TYPICAL C-D-F DILECTO GLASS-BASE GRADES 


Flexural Dissipation Dielectric Insulation 
Equivalent Strength Factor at Strength Resistance Arc Re- Maximum 
NEMA or Lengthwise 108" Parallel Cond. sistance Operating 
ASTM grade (PSI) Cond. A Step x step C96/35/90 (seconds) 


GB-112T 14,000 0.0015 100,000 
(Tefion*) ——EE——E 


0.002 100,000 


GB-28EFR 100,000 


(Flame-Retardant Epoxy) 


(Melamine) 


GB-261D 
(Phenolic) 


35,000 


Polyester) 


These are typical grades for typical applications. To meet special requirements, C-D-F makes many other Dilecto grades, one of which may serve your 
purpose better than any of these listed here. Consult the C-D-F Technical Department for expert assistance with your design problem involving laminated 
plastics products. 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE Beuinkt- COMPANY « NEWARK 3, DELAWARE 
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HAVE YOU TAKEN 
FULL ADVANTAGE 
OF TEFLON*? 


TEFLON Tape, Molded and ©) 
Machined Components 


(right) Offer Improved 


| 7 
Design of Electrical Equip- i | ro) 4 
Pode. 


ment Such As This 42,000 
Volt Transformer (above). ; S) 
2 
QO 
e* a ° 
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It can make a big difference in electrical apparatus design. 

IN ONE CASE, the high dielectric strength and heat resistance of 
Teflon permitted the design of a 42,000 volt transformer weighing 
only 14 pounds; a 20-pound minimum was required using other 
insulations. Here, Teflon was used as tape for interlayer insulation, 
wrapping of hypersil cores and lead wires, and for lining the 
transformer housing. 

TEFLON, AS FABRICATED BY GARLOCK’S PLASTICS DIVISION, 
the United States Gasket Company, offers you these same ad- 
vantages. It has extremely low dielectric constant and loss factor, 
will not carbonize under arcing, operates in a wide temperature 
range (—110°F to +500°F), has zero water absorption. 

APPLY TEFLON TO MOTORS, generators, switchgear equipment, 
transformers. Discuss it with Garlock—they furnish all sizes of 
Teflon sheet, tape, rod, tubing, bars, cylinders, plus intricate 
components molded and machined to your specifications. Call or 
write the nearest of Garlock’s 26 sales offices and warehouses 
throughout the U. S. and Canada. 


THE GARLOCK PACKING COMPANY, Palmyra, N. Y. 


*DuPont Trademark for TFE Fluorocarbon Resin 


nited 
tates 


asket Ptastion Duision of 
GARLOC HK 
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watts and 6 in.-oz torque; size 8, 3.0 
watts and 24 in.-oz; size 11, 3.5 watts 
and 48 in.-oz; size 13, 4.0 watts and 
112 in.-oz; size 18, 5.0 watts and 224 
in.-oz. Magnetic clutches and brakes 
meet applicable military environmen- 
tal tests. Dynamic Instrument Corp., 59 
New York Avenue, Westbury, L.L., 
ie & >522 


VARIABLE-SPEED PULLEY 

Pulley provides ratios up to 3 to 1 at 
3 1/3 hp at 1150 rpm or 5 hp at 1750 
rpm. No. 305 pulley changes speed 
with finger-tip pressure while machine 


is in motion and uses a 1 13/16 in. 
top width, variable-speed belt. Various 
bores available. Motor travel for full 
range is 4.625 in. with 9.53 in. max 
and 3.17 in. min pitch diam. Lovejoy 
Flexible Coupling Co.,.4991 W. Lake 
St., Chicago 44, III. >523 


SILICON POWER RECTIFIER 


Rectifier offers voltage ratings to 600 
piv and current rating to 18 amp d-c 
at 100 deg C ambient with forward 
drop less than 0.8 volts. Hermetically- 
sealed construction features _ silver 
anode lead and solid copper base for 
high thermal and electrical conductiv- 
ity. Each unit temperature-cycled be- 
tween —65 and +200 C for 6 hr, leak 
tested and load tested. Semiconductor 
Corp. of America, 16629 Gramercy 
Place, Gardena, Calif. >524 


(Continued on page 274) 
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TO THE ENGINEER 


who likes his switching gift-wrapped 


If you want your control functions prewired, 
hermetically sealed in a neat package, tested 
out, and as ready as instant coffee, you’re 
listening to the right people. 


Because AE has a gift for wrapping up 
relays and stepping switches in tidy control 
packages of your design—or ours, if you 
prefer. 


For instance, the control package illus- 
trated houses an AE Type 45 Rotary Stepping 
Switch wired to multiple-pin headers for 
direct plug-in (and we supply the properly 
oriented socket mounting plate). This partic- 
ular job has 462 connections, and could just 
as readily be equipped with MS connectors 
for insertion in matching cable plugs. 


The point is, we’ve been wiring telephone 
switchboards and automatic control devices 
for years, and have the technique down pat. 
So pat that it would probably cost you less 
to let ws do the job. 


3esides, AE engineers are past masters at 
designing complex switching circuits. You 
can leave it to them, if you wish, to dope out 
the least expensive way of accomplishing the 
most sophisticated switching. 


How about letting us in on your control prob- 
lem? Just write the Director, Control Equip- 
ment Sales, Automatic Electric, Northlake, 
Illinois. Also ask for Catalog 4083 : ‘“‘Hermet- 
ically Sealed Relays and Switches.” 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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LIGHT-SENSITIVE RESISTOR 


Light-dependent resistor (LDR) has a 
resistance ratio in excess of 25,000 to 


¥'> 1 for light intensity change from total 
¢ 


darkness to 1400 foot-candles. Resistor 
consists of cadmium sulfide cell with 
silver electrodes and is suited for ap- 


i ah )) plications calling for change of circuit 
) resistance as light intensity varies. 
Ferroxcube Corporation of America, 
Saugerties, N.Y. >525 
a 


CAPACITOR WITH 
PLATFORM BASE 


The Versatility of TAYLOR Vulcanized Fibre | cc:wic can: ose vir sitesi 


and features miniature mounting plat- 
form of epoxy-glass laminate. Base 


A story without an ending! 


What this material is... 


Vulcanized fibre is truly one of the wonder materials of all times. 

It is hard and dense, with excellent physical, mechanical and elec- 

trical properties. It is tough and resilient—has high resistance to 

impact, abrasion, wear, organic solvents, oils and gasoline. It is 

attractive and light in weight. PLATFORM 
BASE 


What can be done with it . . 


Vulcanized fibre can be machined, turned, stamped and punched. 


permits Type 602 capacitor to be 
seated securely on printed-circuit chas- 
sis. Available in 50 volts only, in 0.01 
It can be formed, sawed, drilled, planed, milled and chiseled. It through 0.33 pf range. Good-All Elec- 


. Pa oc C 9 f s ~ oa 

can be hammered, shaved, threaded, buffed and sanded. It can be Neh Mfg. Co., 112 W. Ist St., a 
Neb. 

decorated by lacquering, painting, printing and engraving. It can 


be laminated. THERMISTOR-PRINCIPLE 
; THERMOMETERS 
How at can be used . ee Panel-type thermistor-principle tem- 


perature thermometers with switch 


Vulcanized fibre can be used for welders’ helmets, golf club face boxes have small threaded probes for 


inserts, carrying cases, track and motor insulation, and abrasive mounting on other equipment as de- 
discs. It can be used for switch parts, gears, sliding door guides, 
shuttles, bobbin heads, labels and tags; for facings, table tops, par- 
titions and kitchen utensils. There is no end to the things that can 


be done with it and the applications for which it is suited. 


For more complete information on the forms and grades available, 
contact TAYLOR FIBRE CO., Norristown 37, Pa. 


aylor 


LAMINATED PLASTICS VULCANIZED FIBRE 
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213,149,873 
cycles 


Test proves reliability of P&B’s LS telephone type relay 


These 16 LS relays, wired into a self-cycling chain, each operated 213,149,873 
times before the test was discontinued. This'test was made for a nationally 
prominent manufacturer and the certified results are available upon request. 

Here is proof of the inherent reliability of P&B telephone type relays... 
and of the kind of performance you can expect when you specify them. LS 
relays are available with up to 20 springs (10 per stack) and are adaptable for 
printed circuit mounting. 

Whenever multiple switching of loads up to 4 amperes is required, the LS 
can usually meet space, weight and—importantly—price considerations. Get 
full information today by calling or writing Zeke R. Smith, vice president, 
Engineering, or contact your nearest P&B representative. 


LS ENGINEERING DATA 


GENERAL: COIL: 


Breakdown Voltage: 1,000 volts rms 60 cy. 


min. between all elements. 

Ambient Temperature: —55 to +85 C. 

Weight: 3 to 4 oz. 

Dimensions: 15" W. x 2%" L. x 1%" H. 
(4 Form C) 

Enclosures: Sealed or dust cover (W can) 
Sealed or dust cover, up to 6 Form C, 
single contacts (D can) 

Mountings: Four #6-32 tapped holes %” x 
46" 0.c. Other mountings available. 


CONTACTS: 


Arrangements: 20 springs (10 per stack) max. 

Material: 4s" dia. twin palladium, Other ma- 
terials available for specific appli- 
cations, 


load: 4 amps @ 115 volts 60 cy. resistive. 


Resistance: 55,000 ohms max, 


Power: 65 mw DC per movable standard 
(50 mw possible); 3.5 watts max. at 
25° ¢. 


Voltage: Up to 200 volts DC, 


TERMINALS: 
Contacts: Three #18 AWG wires. 
Coil: Three #20 AWG wires. 


Available with octal plug, taper tabs or printed 
circuit pins. 


PaB STANDARD RELAYS ARE AVAILABLE AT 
YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


TS RELAY 


Short coil relay is available 
in AC and DC versions. Long 
life construction. Can be sup- 
plied (DC) with up to 20 
springs (10 per stack), 


GS RELAY 


Excellent sensitivity: 50 mw 
per movable arm minimum 
(DC). For applications re- 
quiring many switching ele- 
ments in small space, 


BS RELAY 


Long coil provides high sen- 
sitivity (25 mw per movable 
arm) and room for slugs for 
pull-in delays (150 milli- 
seconds max.) or drop-out 
delays (600 milliseconds 
max.). 


FREE 
LS DETERMINATION DATA 


Send today for booklet con- 
taining certified results 

of recent test described above. 
Data includes test circuit, 
interim and final measurements. 
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@?) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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New Series of Sprague Cylindrical-Style Radio Interference Filters: top row, 1. to r.—4JX14, 5X94, 
JIX115, 20X15, 50JX20 bottom row—5JX27, 13X54, 1JX113, 1JX117, 2X49, 1JX118, 


New Series of Small, Light 
Radio Interference Filters 


The new cylindrical-style radio 
interference filters recently an- 
nounced by Sprague Electric 
Company are the smallest and 
lightest filters of their type avail- 
able for military and industrial 
electronic and electrical equip- 
ment. Their basic design was 
pioneered by Sprague in order 
to achieve maximum miniaturi- 
zation. 

This new series of standard 
filters, believed to be the largest 
in the industry, ranges in cur- 
rent rating from 5 milliamperes 
to 50 amperes to cover the great 
majority of application needs. 

The natural shape of the 
rolled capacitor section and of 
the toroidal inductors dictates 
the cylindrical form. All filters 
have threaded-neck mountings 
for use on panels or bulkheads. 
This assures both the proper 
isolation between input and out- 
put terminals as well as a firm 
peripheral mounting with mini- 
mum impedance to ground. 

Listed in Sprague Engineer- 
ing Bulletin 8100 (available 
upon request to the Technical 
Literature Department) are 68 
of the more popular low-pass 
filter designs intended for use 
as three-terminal networks con- 
nected in series with the cir- 
cuits to be filtered. The excel- 


lent interference attenuation 
characteristics reflect the use of 
Thrupass® capacitor sections. 

Since maximum effectiveness 
of filtering involves elimination 
of mutual coupling between in- 
put or noise source and output 


terminals, filters should be 
mounted where the leads being 
filtered pass through a shielded 
chassis or bulkhead. The 
threaded neck mounting is de- 
signed to give a firm metallic 
contact with the mounting sur- 
face over a closed path encir- 
cling the filtered line and to 
eliminate unwanted contact re- 
sistance so that the theoretical 
effectiveness of these units is 
realized in practice. 

Typical insertion loss is de- 
termined by measurements 
made in conformance with Mil- 
itary Standard MIL-STD-220. 
Minimum curves for specific fil- 
ters are available upon request. 

For assistance in solving un- 
usual interference, rating, or 
space problems, contact Inter- 
ference Control Field Service 
Manager, Sprague Electric Co., 
at 12870 Panama Street, Los 
Angeles 66, California: 224 Leo 
Street, Dayton 4, Ohio; or 307 
Marshall Street, North Adams, 
Massachusetts. 
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sired. Available with any length lead, 
which can be brought through switches 
or slip rings without recalibration. 
Standard accuracies are +0.14 or 
+0.25 deg F. Thermophil thermistor 
response time (time constant) less 
than 1 sec in liquids and 2.2 sec on 
surfaces. Resistance of 0.012-in. diam 
thermistors, 50 k ohms at 20 C. Atkins 
Technical, Inc., 1276 W. Third St., 
Cleveland 13, Ohio. ->527 


HIGH-SPEED STEPPING RELAY 


Printed circuit assembly, with molded 
digital readout wheel, will auto-home 
to 0 at 50 pps and follow a 25-millisec 
square-wave pulse. Series 500 impulse- 


operated relays “carry” at 9 and read- 
out 0 to 9 on switchboard. Switch and 
code board’s melamine surfaces have 
printed circuitry flashed and rhodium 
plated. Circuit board gold plated. Wiper 
fingers and arms are bifurcated bery]l- 
lium copper. Voltages from 24 to 115 
d-c, 20 watts. Hillburn Electronic 
Products Co., 55 Nassau Ave., Brook- 
lyn 22, N.Y. ->528 


SAFETY SWITCHES 


Light- and heavy-duty safety switches 
include red insulated front-operating 
handles and large metal nameplates to 
provide on-off identification. No 
fiber parts used in operating mechan- 


ism. Additional features include visible 
blades and safety phase barrier to 
protect maintenance personnel from 
accidental line-to-line contact. Heavy 
duty switch ratings (Type TH) are 
250 and 600 volts a-c, 30 to 600 amp. 
Light duty (Type TG) devices, 30 to 
600 amp, 120/240 volts a-c. General 
Electric Co., Plainville, Conn. ->529 


STANDOFFS AND SPACERS 


Round, hexagonal and square styles of 
spacers and standoffs are available in 
metals, plastics and ceramic. Lengths 
run from ¥4 to 10 in. (in increments 


(Continued on page 279) 
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WHEN WINDINGS MUST RUN HOT—GET MORE 
HP PER POUND WITH 155°C ANATHERM MAGNET WIRE 


ANATHERM— a polyester film-coated wire enables 
you to build a smaller motor without reducing horse- 
power output enables your customers to operate 
motors at higher temperatures without loss of horse- 
power. In fact, wherever magnetic windings must run 
hot, Anatherm offers similar advantages. 

But this is only part of the reason why Anaconda 


Anatherm has found such wide acceptance. Its greater 
thermal stability—plus excellent abrasion resistance, 


chemical stability and dielectric strength—help make 

Anatherm ideal for a wide variety of applications. 
Anatherm—the first film-coated magnet wire to 
jalify for the AIEE Class F (155°C) rating has been 

field-tested and proved. Our broad application exper- 


For you, Anatherm can mean smaller electrical equipment. 


ience with Anatherm allows us to offer this wire in 
Sizes 8 to 46 in standard film thicknesses, and in a 
full range of round, square and rectangular sizes. 

For more information, see the Man from Anaconda. 
Look up “Anaconda” in your phone book—in most 
principal cities—or write: Anaconda Wire & Cable 
Company, 25 Broadway, New York 4, N. Y. 


ASK THE MAN FROM 


ANACONDA 


ABOUT ANATHERM MAGNET WIRE 


. higher operating temperatures. See details on reverse side. 


IMPORTANT FACTS FOR YOUR WORK... 


... about Anatherm 155°C 


When proper advantage is taken of Anaconda Anatherm’s higher 
155°C characteristics, electrical equipment can be improved in 
these ways: 


RAISES LIMITING OPERATING TEMPERATURES. Anatherm raises 
limiting operating temperatures to 155°C. This high heat re- 
sistance means extra protection . . . longer equipment life . . . 
wider range of applications. 


REDUCES FRAME SIZE. Anatherm gives more horsepower from 
the same space or the same horsepower from a smaller motor. 
Costs are cut for you, and your customers benefit from smaller 
over-all components. 


INCREASES HORSEPOWER RATINGS. Anatherm is the best of 
the polyesters. Its high heat resistance means higher permissible 
operating temperatures, greater horsepower rating. 


UPGRADING. Anatherm helps upgrade standard equipment. 
Gives added heat insurance through thermal stability. Particularly 
suited for overloads. 


COMPATIBILITY. With polyesters, importance must be placed 
upon a completely compatible system. Varnish manu- 
facturers have recently developed polyester varnishes which 
allow a compatible polyester magnet wire system. A number 
of varnishes other than polyester are compatible with 
Anatherm, but consultation with varnish suppliers before 
use is recommended. 


TECHNICAL PROPERTIES 


Anatherm has unusually high abrasion-resistance. This character- 
istic allows it to be wound on both conventional and automatic 


| 


Mm. 


ANACONDA WIRE & CABLE COMPANY 


25 BROADWAY, NEW YORK 4, NEW YORK 


Please send me a copy of your Anatherm Magnet Wire Booklet. 
NAME & TITLE 
COMPANY 


ADDRESS 


Wire & Cable Co. 


(AIEE Class F) Magnet Wire 


winding equipment. Anatherm offers excellent flexibility and 
adherence properties. It meets NEMA snap test requirements 
and exhibits excellent adherence to the conductor. 


Anatherm maintains its dielectric strength under prolonged 
heating at high temperatures. It consistently exceeds dielectric 
strength requirements for NEMA dielectric twist test. 


Anatherm will resist toluol, VM & P Naphtha, Ethyl Alcohol and 
5% Sulphuric Acid. Anatherm is a polyester and exhibits the 
best characteristics of this class of chemical compound. However, 
all polyesters must be used with certain precautions where 
moisture and/or enclosed systems are concerned. Similar pre- 
cautions must be taken where chlorine-base supporting insulgg 
tions, such as neoprene and polyvinyl chloride, are present: 
Polyesters should not be used in applications subject to exposure 
to concentrated alkalies. 


Anatherm is offered as a 155°C (AIEE Class F) magnet wire 
based on AIEE #57 and #510 test methods. These tests, performed 
by Anaconda engineers, show Anatherm as being capable of a 
30,000-hour life at 157°C in an unvarnished state and the same 
life at 175°C when treated with a silicone or polyester type var- 
nish. Thus Anatherm, when suitably varnished, has reserve sta- 
bilityeven above the 155°C .- — — 
rating at which it is being FRE} +-+ 4 
offered. The thermoplastic 
flow temperature for 
Anatherm, based on MIL- 
W-583A, is very high 
(250°C). Anatherm also 
shows outstanding reten- 
tion of flexibility after ag- 
ing. Wire can be heated 
168 hours at 175°C and 
then wound on three times 
its own diameter without 
cracking. Its heat-shock 
characteristics are excep- 
tionally good for a poly- 
ester wire: Anatherm will 
withstand a 1x mandrel 
wrapat 155°C for one hour. 
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Valuable Anatherm Magnet Wire Handbook— 
yours for the asking! 


Latest information... full technical data. 


TEAR OUT FOR YOUR FILE 
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of 1g in. in lengths to 2 in.) Materials 
are aluminum, brass, stainless steel, 
ceramic, nylon and_ other _ plastic. 
Stock sizes are 1g, “16, 14. 46. 38 and 
14-in. diam; round, hex and square. 
Thread sizes are 0-80, 2-56. 4-40, 6-32 
and 8-32. Brass parts are cadmium 
plated but available in other finish. 
Stainless steel parts are passivated. 
Aluminum parts are plain but can be 
anodized. Amatom Electronic Hard- 
ware Co., Inc., 88 Drake Ave., New 
Rochelle, N.Y. >530 


400-CYCLE 
FREQUENCY METER 


Meter employing silicon semiconductors 
and etched circuit boards uses MIL 
specification parts and manufacturing 
procedures complying with MIL-T-945 


and MIL-E-4158. Meter rests off-center 
at 399 cps when power is off. Center- 
frequency indication accurate within 
0.1 per cent over 0 to 50 C without 
readjustment and can be corrected to 
0.01 per cent approx by comparison 
to built-in tuning fork standard. Indi- 
cator is 3%-in. diameter. Sixty-cps 
version available. Joslyn-Hudson Corp.., 
2040 Colorado, Santa Monica, Califor- 
nia. >531 


MOTOR-DRIVEN 

VARIABLE RESISTOR 

Six-volt bi-directional d-c motor-gear- 
train rotates contact arm of variable 
resistor at 5 rpm approx. Type MDIO 
has slip clutch to prevent damage to 
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FREE ANALYSIS 


OF YOUR SMALL METAL PARTS 
WELDING PROBLEMS 


TIME SLASHED FROM 15 MINUTES TO 15 SECONDS! 


PROBLEM: ground the copper armature ground wire of a miniature servo 
motor. The method used was to drill a hole through the armature lamina- 
tions; drive a brass pin through the hole, then solder the .005” ground wire 
to the pin. 

SOLUTION: a RAYTHEON WELDING ANALYST recommended a DC welder 
to weld the wire directly to the steel shaft of the armature. 


RESULT: time reduced to 15 seconds—stronger, more reliable electrical 
connection. 


HOW YOU CAN BENEFIT: 

If you have a small metal parts joining problem, 
see your Raytheon Welding Analyst. He will be 
happy to help you—without cost or obligation. 


Mail the coupon below for full details. 
Excellence in Electronics 
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i TO: RAYTHEON COMPANY 

INDUSTRIAL APPARATUS DIVISION 
1 PRODUCTION APPARATUS DEPT. WH9 
i WALTHAM 54, MASS. 


UN | ie a ; 
(0 Please send me literature on Raytheon Welding 


oc 0) 8) PON Systems. 


() Please have a Raytheon Welding Analyst contact me. 
FOR FREE My problem is: (describe metals, thicknesses, type of 


ANALYSIS part, etc.) 


—without 








cost or 


obligation. NAME_ 


COMPANY___ 
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motor or control. Control section con- 


| sists of a ™%e¢-in. diam 14 to 14 watt 
—" variable composition resistor available 
an in resistance ranges from 250 ohms to 


10 megohms. Control section available 


fractional horsepower a in variety of resistance tapers and 


shaft specifications. Motor section can 


| be adapted to other voltages and 
otors speeds. Chicago Telephone Supply 
= , Corp., Elkhart, Ind. >532 
m \ k 
Skeleton Types ¢ Gear Types | CRYSTAL-CAN RELAYS 


Series of miniature DPDT relays is 
available in various hermetically sealed 
mountings. Normal coils, 6 to 32 volts 


We specialize in custom 

manufacturing all kinds 

of fhp motors. Whethe: 

you need skeleton types 

or gearmotors, standard 

or special, Molon can d-c, 600 ohms. Contacts, 2 amp re- 

supply them fast and at sistive at 28 volts d-c or 115 volts 

low cost. Send for free a-c. Normal life. 100.000 cycles. Con- 

descriptive circulars. | tact resistance, 0.05 ohms max. Meet 
MIL-R-25018, 9 MIL-R-5757C, = MIL- 
R-6106C. Leach Corp., Relay Div., 
Compton, Calif. >533 


DRY ADHESIVE FILM 
2432 WEST GEORGE STREET . CHICAGO 18, ILLINOIS 
Circle 262 on page 17 | Die-cut or preformed shapes of 2-mil 


dry adhesive film use paper interliner. 
Optimum application conditions: glue- 
line temperature 325 to 350 F; pres- 
sure from 100 to 2000 psi; time to 


8 
\ 


effect bond, 10 to 20 min. Typical uses 
of adhesive: lamination of copper to 
phenolic board; lamination of such 
Why it will pay you to send your CERAMIC PARTS surfaces as cold rolled steel, brass, 
requirements to WISCONSIN PORCELAIN CO. galvanized iron, aluminum, phosphor 
bronze, chrome steel, and _ phenolic 
FIRST: You will get the benefit of FOURTH: You will join a distin- laminate. Auburn Manufacturing Co., 
39 years of experience in efficient and guished list of companies who have Middletown. Conn. >534 
economical production of ceramic parts come to depend on us for just this kind 
to Meet your exact needs. of service and quality. MAGNETIC SHIFT 
SECOND: A wide variety of por- Send us your requirements today. REGISTER ELEMENT 
celain, refractory, steatite and filter A sample or blueprint will do. You'll 
bodies is available to you. Our uniform, get a prompt reply. CTR-400 shift register element (one 
tough, accurate components pay off on- Serving the Electrical and Electronic | core per bit) output signal has 50:1 
the-line in faster assembly, increased Industries since 1919. | ONE/ZERO ratio and peak voltage 
production efficiency. | drop on shift line of 0.4 volts for ONE. 
THIRD: We ‘keep’ delivery prom- WISCONSIN PORCELAIN CO. Output signal can be either positive 
ises, having operated for over 39 years, 115 MARKET ST., SUN PRAIRIE, WIS. or negative 12-volt pulse for ONE. 
24 hours a day without a shut-down. (Located in the Chicago Industrial Area) Register requires 16 ma max average 
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Silicon Power Diodes Available to Equipment Manufacturers 
Free of Charge on New “Test Sampling” Program 


“Quad-Sealed” 
25 Amp Silicon Diodes 
For Commercial Applications 


Here is a complete series of 25 amp 
silicon rectifiers designed specifically 
for commercial applications. Years of 
research and thousands of hours of 
testing and evaluation have gone into 
the development of this series... the 
most thoroughly engineered devices of 
their type. 


A new technical advancement in the 
sealing of silicon junctions termed 
“Quad-Sealed” (a four layer seal) as- 
sures high resistance to humidity, shock, 
vibration, temperature extremes and 
other adverse environmental conditions. 
Diodes in this series feature an over- 
sized anode lug which efficiently re- 
moves heat from the rectifier junction 

. allows the unit to withstand un- 
usually high peak current surges. Stable 
operation at base temperatures to 
130°C, low reverse leakage currents (10 
ma, full cycle average at 130°C base 
temperature) are additional features. 
Ratings: 25 to 35 Amps, 50 to 500 PIV. 


For complete data on “Quad-Sealed” 
rectifiers, ask for Bulletin SR-310. 


CIRCLE READER SERVICE CARD NO. 383 
ATT Se SRN AE 0 ARRAS 
6 AND 12 AMP * 50 TO 500 PIV 


Diffused Junction 


Silicon Diodes 
Ask For Bulletin SR-308 


If you are an equipment manufac- 
turer with a need for truly reliable in- 
dustrial power rectifier diodes, take ad- 
vantage of this opportunity to test this 
quality line in your plant... at no cost 
whatever! 

The versatility in types, ratings and 
mounting configurations manufactured 
by International Rectifier, coupled with 
field proven reliability and high effici- 
ency can add up to a simplified, more 
dependable design for your power rec- 
tifier equipment. Mechanical inter- 
changeability with other available types 
makes quick changeover possible ...en- 
ables you to benefit in performance 
from our advanced design, manufactur- 
ing and test techniques, developed to 
meet the most rigid military require- 
ments...now used in the production of 
all power diodes. 

You are invited to investigate the 
increased efficiency and savings these 
rectifiers can bring to your equipment. 
Write to our Manager of Industrial 


Power diodes are now produced in 
nominal base current ratings of 6, 12 
25, 45 and 70 amperes with PIV ratings 
from 50 to 500 volts. 


Sales describing your application and 
the voltage/current requirements of 
your equipment. Your samples will be 
on their way ypon qualification of your 
application requirements. 

CIRCLE READER SERVICE CARD NO. 384 


New Developments Broaden the Application 
Range of the Toughest of Rectifiers... Selenium! 


Engineers who really know will tell 
you that the selenium stack is a veri- 
table “brute for punishment!” Over the 
years it has proven to be the most de- 
pendable and versatile rectifier for the 
greatest number of power applications. 
Progressive developments at Interna- 
tional Rectifier have resulted in cell 
types with distinct advantages to equi 
ment where selenium has consistently 
proven best and have also opened new 
areas of application where it will excel. 


52 VOLT CELLS reduce stack size 50% 
as compared to standard cells, and by 
reducing the number of cells, reduces 
forward resistance by 50% , making im- 
provements in the regulation of power 
supply voltage possible. 


HIGH CURRENT CELLS now deliver twice 
the rectified dc output per sq. in. than 
do the standard cells . . . again reduc- 
ing stack size by 50%. High inverse 
voltage ratings and low forward drop 
are additional advantages. 


STANDARD “HVC” SERIES NOW IN 
STOCK — 25 standard stack configura- 
tions in center tap and single phase 
bridge circuits utilizing high current, 
high inverse voltage cells are now avail- 
able from stock of the International 
Rectifier Authorized Dealer in your 
area, 


Ask for Bulletins SR-152 and SR-160 
CIRCLE READER SERVICE CARD NO. 3£5 








Spotlight on Space! 





Ce ol 


MOTOR GENERATOR 


for transistor operation 


Tested to conform to all applicable Government Specifications 
for humidity, salt-spray, temperature, altitude, vibration! 
Promptly available in prototype and sample quantities. 


@ Outside Diameter: 0.750 inches. 
@ Weight: 2.9 ounces maximum. 


@ Both fixed and control phase of motor 
wound for 18 volts, 400 cycles. 


@ Tachometer-generator operates on 
18 volts, 400 cycles. 

@ Gradient: 0.23 volts per 1000 RPM. 

@ Maximum null voltage: 0.015 RMS. 


@ Stall Torque: 0.3 ounce-inch, with no- 
load speed of 5400 RPM. 


®@ Pinion Data: Precision Class 2, 13 
tooth, 120 pitch, 20° pressure angle. 


fal Not a 


eer | rerereTiT sr INC. 
4338 N. Knox Avenue + Chicago 41 


Write for full 
information, 

G-M Recommended 
Procurement 
Specification No. 665 
ond Catalog. 
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current at 400 ke repetition rate with 
all ONE’s. Standby current, 5 samp 
Register ele- 
ments operate with any rise time on 








per register element. 


shift pulse for a pulse width of 14 


to 1 wsec. Standard unit operating 


temperature range, ao to +35 C. 
Di/An Controls. Inc.. 40 Leon St.. 
Boston 15. Mass. >535 
PRECISION 


WIREWOUND RESISTORS 


Resistors are rated up to 125 deg C at 


full load. Series 20 miniatures measure 
0.1 in. diam x 0.250 in. long, with 


AAW 





values from 10 ohms to 150 k ohms 
and are suitable for transistor circuits. 
Meet MIL-R-93C Proposed. Key Re- 
sistor Corp.. 321 W. Redondo Beach 
Blvd., Gardena, Calif. >536 


CONSTANT-VOLTAGE 
TRANSFORMERS 


Transformers provide sinusoidal out- 
put, +l per cent stabilized voltage 
with 15 per cent input change and 
are available in ranges from 60 to 
7500 va. Static-magnetic units have no 





ELECTRICAL MANUFACTURING 





PHILADELPHIA (30) 


WM) ey eee eu hA 
Metal for Air Conditioning 


THERMAL CONDUCTIVITY 


Copper and the low-zinc brasses offer 
outstanding heat transfer rates. 
Hussey Copper and brass products 
have been recognized thermal mate- 
rial for 111 years. 


STRENGTH 


High-zinc brasses, nickel silvers, sili- 
con bronzes and phosphor bronzes 
can provide tensile strength of up to 
105,000 psi. 


JOINING 


Hussey Copper and copper alloys 
lend themselves readily to soldering, 
brazing or welding by a variety of 
methods. 


CORROSION RESISTANCE 
There's a Hussey copper alloy to meet 
most every corrosion problem; chem- 
ical, heat exchanger, processing 
equipment, refrigeration apparatus, 
etc. 6 


FORMING FACILITY 


Hussey Copper has excellent hot and 
cold workability characteristics. 
Whether you bend, stamp, spin or 
machine, there’s a Hussey copper to 
do your job. 


BEAUTY FINISH 
Hussey copper is an attractive dec- 
orative material itself. It takes plating, 


anodizing, porcelain enamel and 
many kinds of finishes economically. 


44 sc. G. HUSSEY & CO. 


TO THE ST 
OF AMERICAN INDUSTRY 


2850 Second Avenue 
5318 St. Clair Avenue 
1045 Meta Drive 

3900 N. Elston Avenue 
Central Terminal Building 
1632 Fairmount Avenve 


(Division of Copper Range Co.) 
Rolling Mills and General Offices 
PITTSBURGH 19, PA. 


SEVEN FULLY STOCKED WAREHOUSES 


NEW YORK, LONG ISLAND CITY (6). . .34-39 Thirty-first Street 
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BENDIX RED BANK GENERATOR 
30E02—300 AMPS —speed 
range 3450/8500 rpm. Checked at 
overspeed conditions up to 11,000 
rpm. Approved for continuous 
operation of 2500 hours before 
overhaul scheduling. 


Sub-contractor: Eureka Williams 
Corporation 


Commutator: Nippert 


NEW EUREKA SUPER 
AUTOMATIC CLEANER, 
MODEL 260. Motor: 
Universal, 250 watts, 
hp; two speeds — 8500 
and 9500 rpm. 


Commutator: Nippert 


Nippert makes the right 
commutator for every need 


From airborne power units to air-moving cleaners .. . for all 
types of applications, Nippert commutators are designed and 
produced for speed, temperature and other specific operating 
requirements. Nippert’s craftsmanship, exclusive techniques 
and custom machines make possible the production of com- 
mutators to your specifications, economically, in any quantity. 
Sizes from 5/16” to 4” in diameter. Send us your specifications. 


COMMUTATORS &s 
og ELECTRIC PRODUCTS CO. 


SLIP RINGS ane 1759 W. Mound St. * BRoadway 4-1116 


COPPER AND OTHER ; 
DRAWN COPPER SHAPES La xe ut 
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tubes or moving parts. Standard sinus- 
oidal constant-voltage transformers pro- 
vide output with less than 3 per cent 
total rms harmonic content. Average 
response time, 1.5 cycles. Current- 
limiting characteristic protects against 
shorts on load circuit. Available in 
step-up and step-down ratios. Sola 
Electric Co., 4633 W. 16 St., Chicago 
50, Ill. +537 


DUAL BLOWER UNITS 


Model 2NB300 blower will produce 
160 cfm and Model 2NB408 (illus- 
trated) will produce 320 cfm. Both 


e camel’ 
revo 

models equipped with isolated, shaded- 
pole, semi-enclosed, fan-cooled motor 
with Class A insulation. Permanently 
sealed ball bearings. Dual blowers 
feature stainless-steel shaft, fungus 
protection, moisture and corrosion re- 
sistance. Rating, 115 volts and 60 cps. 
Motors meet specification CC-M-636A. 
McLean’ Engineering Laboratories. 
Box 228, Princeton, N. J. —>538 


PROGRAMMING 
TIME SWITCH 


Time switch can be set for 1 to 24 ON- 
OFF operations per day, hourly. Op- 
eration may be set for every hour, 
every second or third hour, on through 
once a day. ON periods may be from 
2 to 55 min in 1-min steps. Switch uses 
24-hr ON dial within 60-min OFF dial 
Hours when ON operation is desired 
are scheduled on the 24-hour dial 
Switch set by placing set-screw in 
hour marking. Hourmaster No. 4100 
has a 30 amp/1 hp rating. Available 
in single-pole and double-pole models, 
in standard, dust-tight, rain-tight and 
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D-C DRIVES nae 
Teo) :] as 
PRECISE CONTROL 


Problem: How to coordinate two or more machines 


for greater production flexibility, lower costs 


Operating at high speeds, working to close tolerances, 
meeting high-quality standards, today’s machines 
must be controlled accurately. This is one of the 
reasons users and designers are making greater use of 
direct-current drives for coordinating two or more 
machines in multi-section process lines. 


MACHINE COORDINATION IS A NATURAL JOB FOR 
DIRECT-CURRENT POWER. For direct current can best 
provide the accurate speed matching and extra meas- 
ure of control needed for high-speed, automatic con- 
tinuous processing. 

D-c’s flexibility allows each individual drive motor 
to be run at the exact speed demanded by the section 


of the process it drives. Increased output, better quali- 
ty control and production flexibility lower the cost per 
unit of production. 


To learn more about the modern capabilities of 
direct-current power, write for your free copy of 
“WHY D-C?”, Section 829-3, General Electric Com- 
pany, Schenectady 5, New York. 


Progress /s Our Most /mportant Product 


GENERAL @® ELECTRIC 


SELECT FROM GENERAL ELECTRIC’S COMPLETE LINE OF D-C DRIVES 


MOTORS AND GENERATORS 
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POWER UNITS AND CONTROLS 


mp ri " 


£ i 


GS - 2221. 
GGS-4221 ONLY. 


Al- 66 


BAL. INPUT 
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ALKYD 
MAKES POSSIBLE 
SMALLER TV 
AUTOMATIC 
TUNER 


Reliability of Alkyds permits 
miniaturization and improved performance 


Automatic tuning for television that eliminates 
troublesome manual fine tuning has been achieved 
by Standard Coil Products in its new GG-4200 
Automatic Tuner and Station Selector. 
PLASKON Alkyd figured prominently in this de- 
velopment due to these unusual electrical qualities: 
® Dielectric stability of tuner segments molded from 
PLASKON Alkyd gives a new high in VHF per- 
formance by reducing oscillator frequency drift. 
= Changes in dielectric constant due to time and 
elevated temperatures are minimized. 

# Dimensional stability of Alkyd maintains circuit 
constants. This prevents change in relationship be- 
tween coils, contacts and other circuit elements— 
thus stabilizing circuit capacitance. 


PLASTICS AND COAL CHEMICALS DIVISION 
40 Rector Street, New York 6, N. Y. 


PLASKON Alkyd aided the molder Wilcox Plastics, 
with these outstanding molding properties: 

# Rapid molding cycles at low molding pressure 
permits mass production of intricate pieces. 

# Uniformity of this Alkyd molding material pro- 
vides unvarying precision of each molded part. 

» The high mechanical strength of PLASKON 
Alkyd molded parts helps to accelerate separate 
staking operation for insertion of small contacts. 
PLASKON Alkyd is outstanding for the qualities 
most necessary in molded parts for electronic and 
electrical applications. Competent Plaskon repre- 
sentatives will be glad to discuss material recom- 
mendations and fabricating techniques to fit your 
performance requirements. 


HIT -xe) 


hemical | 


— 


Basic to America’s Progress 
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Detector for 
Perkin-Elmer 

Model 154-C Vapor 
Fractometer (above) 
gets highly stable 
voltage from tiny 

but precise Sorensen 
dc supply (below). 
Dimensions are only 
3-9/16 x 3-1/16x 5 in. 


high-precision 
vapor fractometer 


gets Sorensen 
transistorized 


supply 


provides 
“better accuracy” 
says Perkin-Elmer 


Perkin-Elmer Corporation, Norwalk, Connecticut, selected a modified Sorensen 
miniature transistorized supply to build into the hot-wire detector unit for their 
new precision Model 154-C Vapor Fractometer. 

They report they're pleased with the speed with which Sorensen modified their 
standard Model QM miniature voltage-regulated dc supply to fit their specialized 
requirements and they praised Sorensen’s quick deliveries. But here’s the state- 
ment we, at Sorensen, liked best: 

The QM “. . . appears to afford even better regulation than Sorensen’s specifi- 
cations show (better than +0.05% variation in output voltage for a 10% change 
in line voltage).’’ Need we say more? 

Sorensen makes the widest line of transistorized power supply equipment on 
the market today—plus a complete line of electronic and magnetic-amplifier regu- 
lators for ac and dc, inverters, converters, and frequency changers, plus a complete 
line of extremely high-voltage equipment. Write for catalogs. And if you have a 
special problem or tough specifications to meet, ask the advice of your nearest 


Sorensen representative—he'll have the answer. 8.48 


SORENSEN & COMPANY, INC. 


Richards Avenue, South Norwalk, Connecticut 


oo WIDEST LINE OF CONTROLLED-POWER 
EQUIPMENT FOR RESEARCH AND INDUSTRY 


IN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA. 
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A., Mexico City. 
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enclosures; also with 
Tork Time Con- 
539 


submersible 
skip-a-day feature. 
trols, Inc.. Mount Vernon, N.Y. 


PRINTED-CIRCUIT 

TRIMMER POTENTIOMETER 

Miniature trimmer Type 50-7M has one 

and requires no 
Available from 


terminal 
device. 


polarized 
shaft-locking 


25 to 10 k ohms. Sealed construction 
and 1%-in. diam. Built to applicable 
of MIL-R-19A, MIL-E- 
MIL-R-12934B, 


Corp., 


requirements 
5272A, MIL-R-19518, 
NAS 710. Maurey Instrument 

7924 So. Exchange Ave., Chicago 17, 
Ill. >540 


COIL-BANDING AND 
TYING TAPE 


Cotton yarn Class A. electrical 
is suited for liquid-filled transformers, 
coils and armatures. Tensile strength 
is 24 lb for 0.005-in. 


tape 


14-in. wide, 


tape. Elongation at breaking point, 
7.3 per cent. Effect on 
properties of transformer oil (2 liters 
of Wemco at 105 C for 72 hr): before 
immersion 35,000 volts; after 
immersion 45,500 volts. Tape is avail- 
widths, thicknesses 
Printed String 
Milwaukee 7. 

>541 


electric 


able in various 
and lengths. General 
Co., 2511 South 4 St., 


Wis. 


BIMETAL DISK 
THERMOSTATS 


Thermostats with both terminals insu- 
lated from case have a differential as 
measured on the disk of from 2 to 
6 deg F max. MX-9 hermetically 
sealed and MX-10 semi-enclosed snap- 
action thermostats are 1/4 in. thick. 
Closing temperature tolerance. +3 F. 
Temperature range, 10 to 260 F. 
Rating for non-inductive load is 3 amp 
for 25,000 operations at 30 volts a-c 
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ELECTRICAL SHEETS 


[y4 
COMPANY 
NEWPORT, KENTUCKY 


e SIDIARY OF [REME| company 


PRODUCTS OF 
ACME-NEWPORT STEEL 


Hot Rolled Steel in Coil 

Hot Rolled Pickled Steel in Coil 
Hot Rolled Sheets 

Hot Rolled Pickled Sheets 

Cold Rolled Steel in Coil (full hard only) 
Cold Rolled Sheets 

Alloy Sheets and Plates 

Plates (26" and lighter) 
Electrical Sheets 

Electric Weld Line Pipe 

Spiral Welded Pipe 
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GENERAL CABLE 
the complete line of 


or d-c. Stevens Manufacturing Com 
pany. Incorporated. Bex 1007, Mans- 


field, Ohio >542 


MINIATURE TRIMMING 
POTENTIOMETER 


Wirewound trimming — potentiometer 
stability is 60 ppm to 190 C. Power 


rating, 3.5 watts at 30 C and 0.35 
watts at 175 C. Aeropot withstands 





Long experience in the manufacture of magnet wire has enabled Genera 
Cable to develop the industry's widest range of both returnable and non- 
returnable containers of all types. Designed to meet widely varying 
customer demands, they insure safe delivery and facilitate use of the wire 
at the lowest possible cost to you. No matter what magnet wire packag- 
ing problem you have, consult General Cable...they have the right 
packaging for you. 


10 g vibration at 2000 eps. Meets MIL- 
STAR-PAK PAIL and DRUMS ' STD 202. Method 106, for moisture 


: sists : ” : ee 9 tae 
Non-Returnable, No Deposit resistanc e. \djustment rew (25-turn) 
of aluminum-cased unit idles when 
#12 STAR-PAK pail, weight 75-100 Ibs., for size “ turned past either end limit. Model 927 
through 29 AWG. ¢ resistance range: 100 ohms to 100 k 
#30 STAR-PAK drum, weight 450-600 Ibs., for size alias 02Re 190 C is 2000 hr mi 
through 22 AWG. : ums. Life at € is 2000 hr min. 
#15 STAR-PAK drum, weight 200-300 Ibs., for size | Aero Electronics Corp., 1745 W. 134 
through 22 AWG. St.. Gardena, Calif. >543 
STAR-PAK pails and drums are palletized for ease 
handling. 


CRYSTAL-CAN RELAYS 

Three DPDT relay types feature sensi- 
tivity of 250, 100 and 50 mw. Nominal 
operating voltages of MQ Series, 1 to 
110 volts with coil resistance 35. to 
10 k ohms. Units measure 0.875 x 


SPOOLS and REELS 
New, Non-Returnable 


Rugged, plastic one-way shippers for finer size magnet 
wire, 31 through 44 AWG. Available in 6, 4Y2 and 3” 
diameters. Hardboard 12” reel available for larger 
size wire. Both returnable and non-returnable 12” reels 
ore palletized for shipment. 


0.800 x 0.396 in. Weight, 4% 0z. Relays 
rated to 3 amp resistive at 28 volts d-c 


Payout Equipment General Cable also has available a com- 


; or 115 volts a-c. Operate under vibra- 
plete line of accessories used in the take off of wire from STAR-PAK pails and drums 


tion of 30 ¢ 


¢ 


Peers ae and , to 2000 cps. Temperature 
or in spinning wire from reels and spools. = or ’ : * 

P 9 P range. —65 to +125 C. Available with 
3-in. leads. solder hook or plug-in 


terminals; various mounting arrange- 


GENERAL CABLE CORPORATION ments. Electronics Divy.. Elgin National 


Fah shed Aw eet: Maw Vek (7. 01 ¥ Watch Co., 2435 No. Naomi St., Bur- 
bank, Calif. >544 


Offices and Distributing Centers Coast-to-Coast be 


MULTIPLIER PHOTOTUBES 


for quality and service 
, Ten-dynode-stage °4-in. diam photo- 


--- Specify ™ 


tubes have potted bases and S11 re- 
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Humidity doesn’t bother 
MALLORY VITREOUS ENAMEL RESISTORS 


e@ Protected by multi-dip coating of moisture-imper- 
vious vitreous enamel. 


Mallory Controls Company 
e@ High resistance to electrolysis through use of high 


purity materials and controlled manufacturing 1 aes 
methods a division of 


Frankfort, Indiana 


e@ Conservatively rated to run cool and long at high 
ambient temperatures. a NTT Eo 
Select Mallory fixed wire-wounds in ratings from 3 
to 240 watts ... plus adjustable and multi-tap models 
to meet every requirement. Write or call for a 
consultation. 
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DELAYED-ACTION DEFECT 


...- WHERE PHOSPHOR BRONZE !S THE MAIN LINE=-NOT A SIDELINE 


292 


So/ved 
with Miller 


This rotary switch component for an electric 
range proved to be a delayed-action saboteur. 
The beryllium copper from which it was formed 
was so hard that over a period of time it scratched 
and gouged the phenolic cams actuating the 
switch—to the point where the switch would soon 
become inoperative, causing customer complaints 
and damaging the manufacturer's reputation. 


A specially-produced phosphor bronze alloy from 
Miller provided a quick and painless solution. 
Miller experts were able to recommend and pro- 
duce a metal that retained the high degree of 
spring tension necessary for dependable opera- 
tion—yet soft enough to protect the cams from 
damage, as compared to the reaction from the 
beryllium copper part. And, as an extra benefit, 
the manufacturer also found that it formed more 
easily—with far fewer rejects. 


Miller specializes in the expert production of 
quality phosphor bronze—in strip, coiled and 
flat lengths—tailored to your specific needs. 


ROLLING MILL 
DIVISION 


THE MILLER COMPANY 
MERIDEN, CONN. 
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sponse. Uses: scintillation probes, 
low-level light-source analysis, spectro- 
scopy, etc. Luminous sensitivity: cath- 
ode at 210 volts, 0 cps between 
cathode and all other electrodes, 30 
vA lumen min; anode at 105 volts/- 
stage, 0 cps, 3A/lumen min (Type 
6362 only). 6A/lumen min (Type 
6935). Allen B. Du Mont Laboratories, 
Inc.. 750 Bloomfield Ave., Clifton, 
Niwe >545 


MULTI-TURN FILM 
POTENTIOMETER 


Model 783 and 7810, 3- and 10-turn 
models respectively, have a case diam 
of 7% in. Best linearity, 0.025 per cent 


at any resistance value. Potentiometer 
life, over 10 million shaft revolutions 
at 200 rpm. Operational speed, 500 
rpm max. Can be supplied with non- 
linear output and/or compensated for 
electrical loading. Computer Instrument 
Corp., 92 Madison Ave.. Hempstead, 
ee >546 


INTERCHANGEABLE 
THERMISTOR PROBES 


Thermistor probes with similar resist- 
ance-temperature characteristics elim- 
inate need for individual calibration. 
Absolute resistance of each probe is 
given in | deg F increments from 0 to 
350 FF. Any quantity of probes is 
within 2 per cent of resistance at any 
point in) temperature range. When 
vumber of matched points is small or 
temperature range narrow, matching 
can be less than 2 per cent of resist- 


. 
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THE WIDEST RANGE OF 
CAM, TIMERS 


TIME CYCLES 


2/3 Seconds to 72 Hours in 600 steps 


Bo. you'll find the cam timer 
you need in Industrial Timer’s unequalled selection 
of standard single-cycle and recycling timers in single and multi- 
switch types (up to 50 switches). Every model gives you 50 different 
Overall time cycles, ranging from its lowest cycle up to 9 times that 
cycle. And standard cam construction lets you adjust ON and OFF 
periods from 2% to 98% of the total time cycle. Here is unsurpassed 
flexibility in cam timer selection and function. 


fi: you don’t find the timer you 
want in this unmatched range (a highly unlikely possi- 
bility), Industrial Timer’s unique Timer Kit will help pro- 
vide the exact timer you need at low cost. With this 
kit you can design your own prototype, and since the 
kit components are standard in our line we can reproduce 
your prototype—in quantity—at no extra cost. 
For fast delivery on a standard or special Cam Timer check first 
with Industrial Timer. For more information ask for Bulletin 200 Syn- 
chronous Motor Driven Cam Timers, Bulletin 201 Multi-Cam Timer Kit, Bulletin 
202 Multi-Cam Switching Devices. 
Industrial Timer’s complete line of timers also includes: 
Time Delay Timers, Interval Timers, Running Time 
Meters, and Programmers. Bulletins describing these are 


available on request. 
AFFILIATE—LINE ELECTRIC COMPANY 


Timers that Control Re INDUSTRIAL TIMER CORPORATION 


the Pulse Beat of Industry 1411 McCARTER HIGHWAY, NEWARK 4,N. J 
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DETECT 
_. 
SELECTED SPEEDS 


WITH 


TORQ 


SYNPROTEX 


ROTARY 
CENTRIFUGAL SWITCHES 
fee” 


. OPERATE on fundamen- 
tally new principle — virtually 
no friction problems—permits 
predictable sensing of speeds 
to VY, of 1%. 

Three basic types available for 
control of one or many selected 
speeds, as well as inter-related 
speeds on any equipment in- 
volving rotary motion. 

Torq Synprotex switches can 
be incorporated as an integral 
part of finished equipment, or 
can be furnished in separately 
housed units. 

To detect or control one or 
more selected speeds, get the 
latest information on Torq Syn- 


protex Switches. 
ve =<. > 
WRITE TODAY 
FOR 
GENERAL 
BULLETIN 
NO. 244 


ENGINEERED PRODUCTS, INC. 


34 W. Morroe Street 
Bedford, Ohio 
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Electronics. Inc., 51 
Mass. 


ance. Fenwal 
Mellen St... Framingham, 


GLASS TUBING FOR 
THERMOCOUPLE 


Protective tubing for thermocouples 
is made 


glass which withstands heat, 


Glass withstands 


shor k 


short-term temperatures up to 3100 F 


and corrosion. 
and will go directly into molten metal 
and open hearth fur- 
Glass Works. Corning. 

>548 


in electric arc 
naces, 


N. Y. 


Corning 


MINIATURE SOCKET SCREWS 


button-head and flat-head 
available with either 


Miniature 
socket screws are 
standard hex or multiple-spline sockets 


a A 


Available in 
The Bristol 
>549 


in alloy or stainless steel. 
sizes No. 0 through No. 3. 
Co., Waterbury 20, Conn. 


LIQUID-LEVEL 
CONTROL SWITCH 


Unit consists of and pre- 


Series 731 


air chamber 


cision snap switch. switch 


controls one liquid level or pressure. 


Factory calibrated for trip and reset 


pressures. Changes from factory cali- 


bration can be made within limits. 


Standard inlet tube on switch is *16-in. 


>547 | 


| 
| 


of Vycor 96 per cent silica 
thermal | 


COLUMBUS 
ELECTRONICS 
CORP. 


DOUBLE 
Mae a 
| Tete) 
an etenaay, 


AXIAL LEAD 


STUD } STUD 
7/16—11/16 f TOP HAT —— INSULATED 


CD mL 
aE MUL mee me 
con power rectifiers UP T0 35 AMPS. 
sme ml My alee 


CDS NTA 


SINGLE unit VERY HIGH VOLTAGE silicon 
rectifiers exhibiting these desirable 
characteristics... 


HIGH LOW 
VOLTAGE FORWARD DROP 
up to 2000 PIV 1.5 Volts, DC 


EXTREMELY FORWARD 
LOW LEAKAGE CURRENT 
1A up te 20 Amps. 


NEW 


UUM Tera es 
offering these quality features... 
Simplify mounting 
Saves assembly parts & costs 
Obtain efficient heat transfer 
Give greater design flexibility 


ANNE OS eC ea 
eat OB Ah 


WRITE FOR FULL DETAILS 
MUR Tata Cy emacs 


1010 SAW MILL RIVER RD., YONKERS, WN. Y. 
YOnkers 8-1221 »* TWX-Yonkers, NY-1369 
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Impregnation with RTV 
silicone rubber provides 
top performance at 
250°C. for this Hughes 
Aircraft Co. transformer. 
Other materials failed 
due to such factors as 
inadequate high tem- 
perature resistance and 
incomplete impregnation 
of tightly wound coils. 
G-E RTV compounds 
proved successful for coil 
impregnation as well as 
complete encapsulation. 
Good heat transfer, out- 
standing heat resistance 
made possible a more 
compact, efficient high 
temperature unit. 


ies ean no a ral 


Added protection, easier application 


with General Electric RTV silicone rubber insulation 


Outstanding heat resistance and electrical properties combined with room temperature cure 


ieee 
New resilient, shock-absorbent RTV Protection from high altitude arc-over and Extended service life for motors through 
sponge offers improved shoek and corona is provided for this cathode ray tube = RTV encapsulation of stator windings, 
vibration protection at elevated tem- by encapsulating all lead wires with RTV introduced by General Electric motor 
peratures; permits easier fabrication (room temperature vulcanizing) silicone rub- departments. RTV’s resistance to mois- 
than previous methods of cutting, ber. Designed for airborne operation and _ ture and other contaminants enables these 
inserting and sealing sponge in place. _ installed in a non-pressurized section of the dripproof motors to meet certain applica- 
With RTV, just add sponging and aircraft, tube is protected from arc-over and _ tions formerly requiring totally enclosed 
curing agents to compound and mix. _ corona at altitudes up to 70,000 feet. units. RTV has low viscosity, rapid cure. 


For application data and samples of General Electric RTV silicone rubber, write General 
Electric Company, Silicone Products Department, Section «108 Waterford, New York 


GENERAL @ ELECTRIC 


Silicone Products Department, Waterford, New York 
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Transistor 
Chopper 


... requires no sae 
external drive 


transformer 


The AIRPAX type 6025 transistor chopper has a SPDT 
switching action capable of handling signal voltages 
up to 100 volts. Inclusion of drive transformer in the 
assembly provides signal and drive isolation. 
Switching action can be any frequency from 50 to 
5000 CPS, using sine or square wave drive. Ideal for 
use in operational amplifiers, DC measuring instru- 
ments, servo systems, and similar applications where 


fast response and wide-band operation is a necessity. 


e@ High Signal Handling Capacity 
@ Wide Frequency Range 
e@ Minimum Drive Power Requirement 
e@ Impervious to Shock and Vibration 


@ Phase and Dwell Time Unaffected by 
Temperature Changes 


See us at ISA — Booth No. 142-144 


CAMBRIDGE DIVISION, CAMBRIDGE, MARYLAND 
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diam. Dampening action, optional. 
Mounts in any position. UL and CSA 
listed for: 20 amp, 250 volts a-c non- 
inductive; 15 amp, 125 volts a-c in- 
ductive; 10 amp, 250 volts a-c induc- 
| tive. Industrial & Commercial Controls 
| Div., Controls Company of America, 


Schiller Park, Il. ->550 


NYLON POTTING FORMS 


Connector potting forms serve as a 
mold to retain potting compounds. Pot- 
ting compound is injected or poured 


| into open end of form. Type PF form 
can be left on to become permanent 
| eaet of connector or removed by use of 
|mold release liquid. Potting forms fit 
| standard connector back shells from 
1% to 1%-in. ID. Electronic Produc- 
jtion & Development, Inc., 205 So. 
| Beverly Blvd., Beverly Hills, Califor- 
nia. >551 


ONE-WAY IMPULSE SWITCH 


Switch plunger actuates momentarily 
|on downward stroke, resets and then 
over-travels. Plunger returns to free 
position without further actuation of 
basic switch. Impulse “on” time can be 
varied from 1/16- to 14-in. stroke of 
plunger. Rated 15 amp, 125/250/460 
volts a-c, resistive. Provides over 5 
million actuations. Switch used for 
electrical control of solenoid valves 
and starter relays. Licon Switch Div., 
Illinois Tool Works, 2501 No. Keeler 
Ave., Chicago 39, IIl. >552 


(Continued on page 298) 
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Alcoa Aluminum 
...2asy to join 
by any method! 


Ultrasonic welding of Alcoa Aluminum produces a metallurgical 
bond between surfaces by means of high-frequency vibratory 
energy. Oxide film is cracked and metals are left in intimate con- 
tact producing this bond. Pressure-tight joints of high structural 
integrity are obtained... there is no arc, spark or sputter since 
no current passes through the joint ... low clamping forces are 
required, resulting in little or no deformation ... combinations 
of dissimilar metals can be welded without formation of inter- 
metallic compounds. 
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By incorporating Alcoa® Aluminum into your prod- 
ucts, you’ll enjoy many new advantages which are 
unobtainable with conventional metals. This fact is 
being profitably proved by manufacturers and fabri- 
cators, whatever the joining method . . . welding, 
brazing, bolting or compressing. 

For example, Alcoa Aluminum is low in cost... 
lighter in weight... easier to handle... nonmagnetic 
... corrosion resistant ... strong in alloys... offers 
more current-carrying capacity per pound... is easy 
to spin, form, bend, roll .. . can be cast, forged, ex- 
truded or drawn. 

Ask your Alcoa sales engineer to show you how you 
can put the benefits of Aleoa Aluminum into your 
products. Aluminum Company of America, 2130-J 
Alcoa Building, Pittsburgh 19, Pennsylvania. 


a a | 


Photo courtesy of Aeroprojects, Incorporated 


Your Guide to the Best 


in Aluminum Value 
ALCOA 


ALUAAINUM, For exciting drama watch “Alcoa Presents” 
nieeitinedie theninnanl Gh imaneen every Tuesday, ABC-TV, and the Emmy 
: Award winning ‘‘Alcoa Theatre’’ alternate 


Mondays, NBC-TV 
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PATTERNS IN POWER 


Silicon Rectifiers by Audio Devices establish 
new standards for high power industrial appli- 
cations. Available in current ranges of 25 to 
250 amperes (nominal, single-phase, half-wave 
rating), 50-400 PIV, with positive or negative 
base connections. Hermetically sealed AD Sil- 
icon Power Rectifiers provide users with longer 
life and more efficient operation under high 
temperature conditions. All units, including 2 
amp. and up, now available from stock. For 
engineering data, write, wire or call RECTIFIER 
DIVISION, AUDIO DEVICES, INC., 620 E. DYER 
ROAD, SANTA ANA, CALIF. Kimberly 5-8241 


IN CANADA: Alex L. Clark, Ltd., Toronto 18, 
OVERSEAS EXPORT: ROCKE INTERNATIONAL 
CORPORATION, New York 16. 


MA 
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WIREWOUND 
POWER RESISTORS 


Resistors feature nickel-plated metal 
sleeve shrunk around insulated resistor 
of 3, 5, 7, 8 and 10-watt rating. When 


mounted in full heat sink, Type CS 
Clipper resistors deliver twice their 
rated power. Resistors have 0.05 per 
cent tolerance, stability within 0.5 per 
cent, TC of 20 ppm per deg C. Sage 
Electronics Corp., Box 3926, Rochester 


10, N.Y, 553 


PRINTED-CIRCUIT TAPES, 
SHAPES AND MASKS 


Pressure-sensitive translucent red_plas- 
tic shapes (illustrated) are used for 
drawing printed-circuit masters. Type 
B-225 shapes are 0.002-in. thick and 
photograph as jet black. Over 150 
different standard types are available. 


Shapes are mounted on dispenser cards. 


>’ 


Self-sticking solder dip masks for 
printed circuit cards also available on 
dispenser cards as Type B-540. Crepe- 
backed masks, 0.003-in. thick, withstand 
700 F for 6 see and leave no adhesive 
residue when removed. W. H. Brady 
Co.. 727 W. Glendale Ave.. Milwaukee 
9, Wis. >554 


LOCKING PLUG AND JACK 


Connection may be locked after plug 
has been fully inserted into Lock-Ex- 
tension-Jax or its mating panel jack 
which has thread projecting beyond 
lock nut. Lock-Plug is available in two- 
or three-conductor types and has 
coupling ring that can be threaded to 
thread projection of mating panel jack 
or to threaded end of Lock-Extension- 
Jax. Shielded plug will make proper 
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*Call, wire or write for 
fast service on ‘“‘crash"’ 
programs requiring — 
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PLUG-IN CONNECTORS 
SINGLE LEAD TERMINALS 
END SEALS 

MULTIPLE HEADERS 
MINIATURE CLOSURES 
CUSTOM SEALING 


1959 


COAST-TO-COAST AND OVERSEAS! Complete “on-the-spot” 
engineering service is available to the designer/engineer nation- 
wide, in Canada and abroad. A large, strategically located staff of 
qualified sales engineers provides the assistance needed to help 
solve your hermetic sealing problems. E-I offers fast service on 
standard seals, complete design and production facilities on custom 
types and the sealing of components of your own manufacture. 
Write for illustrated catalog on the E-I standard line, or send 
drawings for quotations on custom seals to your specifications. 


ELECTRICAL INDUSTRIES 


A Division of Philips Electronics, Inc. MURRAY HILL, NEW JERSEY 
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POLYVAR.......... 


SOLDERS WITHOUT INSULATION REMOVAL! 


POLYVAR—the Acme trade name for 
polyurethane enamel—introduces a mag- 
net wire that solders directly without insu- 
lation removal! This improvement greatly 
reduces processing time as well as lead 
breakage. 


POLYVAR has properties fully equal to 
those of Formvar for wire insulation, plus 
easy solderability, greater thermal stability, 
and lower moisture absorption. 


In AWG sizes 15 through 40. May we send 
you complete details on Acme POLYVAR? 
If convenient, please describe your need. 


THE ACME WIRE COMPANY 


NEW HAVEN, CONN. 
MAGNET WIRE @ COILS © VARNISHED INSULATIONS MH 


¢ A 
INSULATING VARNISHES AND COMPOUNDS “Cormier” 
©90000000000000000000009000000000090000000880000000008 


Circle 283 on page ! 


N tion 


TAIL 


designed to your 


control needs. 


wo. one Gent 08 


tk dlake 


mercury relays 
and controls 


SEND FOR FREE 
CATALOG J- 8209 


Adams & Westlake 
Elkhart, Indiana 
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contact to mating jack without tight- 
ening or attaching coupling ring. Spe- 
cial jack will mate properly with 
standard phone plugs where no _ lock 
requirement exists. Switchcraft, Inc., 
5555 No. Elston Avenue, Chicago 30, 


Ill. >555 


FLASH TUBE 


Peak light output of FX-6A tube is 
3500 horizontal cp at a flash duration 
of 3 wsec approx. With maximum 
power input, half-light output expec- 


Bee 
Ss 


tency is 20 million flashes. Xenon- 
charged tube has operating range of 
400 to 1200 volts and is triggered by 
low-current pulse of 4 to 7 kv. Appli- 
cations include stroboscopic studies, 
analog digital readout, shaft position 
encoder, cold cathode switch tube, 
microfilm recorder and as_ constant- 
reference light source. Edgerton, 
Germeshausen & Grier. Inc., 160 Brook- 
line Ave., Boston, Mass. >556 


TWO-WIRE A-C CONNECTORS 


Male and female cap and connector 
for 125 velts at 15 amp are of black 
neoprene. Bantam Flip Seal connector 
has flexible lip overlapping male cap 
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Cannon has prepared a 
new engineering catalog 
containing valuable in- 
formation about dc sole- 
noids. Theory, principles 
of operation, and advan- 
tages of dc solenoids are 
presented simply and 
authoritatively. Write for 
your free copy to 


LET CANNON 


HELP YOU 
WITH YOUR 
DC SOLENOID PROBLEMS 


Cannon is one of America’s largest producers of dc solenoids...a pioneer in 


engineering a wide range of special types, including hermetically sealed and 
high-temperature models. Multiple-strip solenoids for keyboard operation— 
locking types requiring no holding 

current—and miniature and sub- a eke 

miniatures as small as 1/2 inch in 

diameter are now in standard pro- 

duction. If you have a problem 

involving de solenoids, Cannon @) 

offers a complete selection...for 

any application. aes 


CANNON ELECTRIC CO. 3208 HUMBOLDT STREET, LOS ANGELES 31, CALIFORNIA # PLEASE REFER TO DEPT. 
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They “go easy” on 


commutators and slip rings! 


By no means the least of the many 
advantages of Stackpole Quick-Filming 
Brushes is their ability to eliminate a 
great deal of maintenance and equip- 
ment reconditioning. The uniform dis- 
tribution of their high-altitude protec- 
tive ingredients avoids grooving 
commutators and slip rings—and, in 
many cases, adds greatly to operating 
stability at elevated temperatures. 


Five Stackpole Quick-Filming Brush 
Families—each with countless modifi- 


plus seals at wire entrance for dust 
and moisture protection. UL and CSA 
approved. Rodale Manufacturing Co., 
Inc., Emmaus, Pa. >557 


COMPACT BRAKE MOTOR 


Brake holding force is 10 oz-in.: en- 
gagement time is 40 to 50) millisee, 
Type FC brake motors are used for 
start-stop operations in drives and_.po- 


sitioning systems. Motor can be wound 
for 115 or 200 volts a-e, 60 or 400 
cps in’ hysteresis-synchronous or in- 
duction types. Electromechanical brake 
has epoxy-potted coil wound for any 
desired voltage to 100 volts d-c. Can 


. shoe pe es . be actuated by energizing or de-ener- 
cation possibilities—cover practically eis? 


any high-altitude brush application, 
present or pending. No sea level break- 
in filming run is needed. Commutation, 
stability and life are excellent through 
an exceedingly broad range of oper- 
ating conditions. Brush temperatures 
are held to a lower, more stable level. 


W rite for High Altitude Brush Bulletin. 


gizing coil. Brake motor size, 1.675 in. 
diam x 3.750 in. long. Globe Industries. 
Inc., 1784 Stanley Avenue, Dayton 4. 
Ohio. >558 


GLASS-TEFLON INSULATION 


Glass-Teflon electronic insulating ma- 
terial for use in high-temperature ap- 
plications is available as copper-clad 
sheet and as rod, tubes and flat sheets. 
Duroid 5870 is composed of micro- 
glass fibers coated with Teflon. May be 
used as missile antenna dielectric and 
microwave strip insulation. Film of 
Teflon LOOX is used as adhesive agent 
for copper-to-base bond of copper-clad 
sheet. Rogers Corporation, Rogers, 


Conn. >559 


ELAPSED-TIME METERS 


Panel meters are available in 34%4- and 
2'4-in. flush mounting, in both bakelite 
and metal cases. Meters register in 


hours and tenths of hours. hours only, 


Quick-Filming Brushes 


for high-altitude services 


or minutes only and are available for 
115/220/440 volts, either 60 or 50 


Electrographitic, ‘‘Concentrated moly.”’ 

Metal Graphite, Treated Copper-Graphite 

and Treated Silver-Graphite grades in the ne 
first complete line for maxi- Cad stanoco % 


mum performance with no Re T-1 *, 
sea level filming run. RUNNING TIME METER 


HOURS 


iS vous 
@o CYCLES 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 


ROCKET NOZZLES e BRUSHES for all rotating electrical equipment e ELECTRICAL CONTACTS 
BEARINGS @ GRAPHITE CHEMICAL ANODES ¢© GROUNDING ANODES e TURBINE RINGS e PUMP 
VANES e SEAL RINGS e VOLTAGE REGULATOR DISCS e CERAMIC MAGNETS e FERROMAGNETIC 
CORES e FIXED & VARIABLE RESISTORS .. . and many other carbon, graphite and metal power products, 
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NOW, FROM RIVERSIDE-ALLOV... 


NICKEL WIRE IN PAY-OFF-PAK 
CONTROLLED TO +.00025° 


Now from Riverside-Alloy you can 
obtain nickel and manganese-bear- 
ing nickel wire to tolerances as criti- 
‘al as plus or minus .00025” . . . in 
continuous lengths to 60,000 feet. 
Diameters .020”’ to .060” can be spec- 
ified in Pay-Off-Pak at no additional 
charge. Credit for this product su- 
periority goes to a new quality 
control unit used in conjunction with 
the Riverside-Alloy Pay -Off- Pak. 
Every inch of wire is continuously 
“‘miked”’ before entering the pack- 
ing machines, assuring a controlled 
wire diameter. 


RIVERSIDE-ALLOY METAL DIVISION 


Pay-Off-Pak, itself, gives you add- 
ed benefits ...ends the jumble of 
tangled wire, jammed machines and 
excess handling. Bright smooth fin- 
ishes produced from the new 
Riverside-Alloy annealing process 
and drawing equipment are fully pro- 
tected under all shipping and stor- 
age conditions. 

Riverside-Alloy is the outstand- 
ing source for the finest in precision 
nickel wire. 

Write today: Riverside-Alloy Metal 
Division, H.K. Porter Company, Inc., 
Riverside, N. J. 


> 


ait ies oat etn ci 


Riverside-Alloy’s PAY-OFF-PAK is one neatly 
coiled length of wire replacing as many as eight 
(10to 30 Ib.) individually-wound, exposed coils. 
Pay-Off-Pak means smoother, faster produc- 
tion right down the line. 


| H.K. PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY: with Rubber and Friction Products —THERMOID DIVISION; Electrical Equipment—DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION: 


Specialty Alloys—RIVERSIDE-ALLOY METAL DIVISION; Refractories 


SION; Fabricated Products 


S. A.; and in Canada, Refractories, “Disston” Tools “Federal” Wires and Cables, “Nepcoduct” Systems 
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REFRACTORIES DIVISION; Electric Furnace Steel 


CONNORS STEEL DIVISION, VULCAN-KIDD STEEL DiVi- 
DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE ROPE DIVISION, MOULDINGS DIVISION, H. K. PORTER COMPANY de MEXICO, 


H. K. PORTER COMPANY (CANADA) LTD 
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layout and 
template making time 
cut in half. 


tHE NEW S&TRIPPIT 
FLEX-O-DRILL 


@ DRILLS, REAMS, SCRIBES, CENTER PUNCHES Iv) 
line drawing or height gauge layout ! 


0.002” WITHOUT base 


@ EASY, ACCURATE POSITIONING — quickly set to any reference point and to 
nearest 0.100" by adjustable steel tapes reading in both 
directions from zero. Micrometric 
nearest 0.001". 


gauges then bring settings to 

No optical scanning device needed. 

@ LASTING AccuRACY! Table is an actual ground surface plate. 
Bridge assembly is of heavy, accurately machined castings. Lead 
screws are precision ground and engaged only during micrometric 
gauge settings to minimize wear. All parts are corrosion- 

resistant. Bearings are protected against dust and chips by felt 


shields. Drill motor is heavy-duty industrial type. 
@ %" CAPACITY in mild steel — stock up to 24” width, any length. 


@ ALSO A PROVEN MONEY-SAVER On pilot runs, low unit production. 


Template drilled by 
Flex-O0-Drill 


Flex-O0-Drill 


work plec e 


Layout scribed by 
Flex-O-Drill 


WRITE FOR LITERATURE TODAY, and an actual demonstration at your plant 


waces SERIPPIT inc. vaveniti 


222 Buell Road, Akron, New York eS 


In Canada: Strippit Tool & Machine Company, Brampton, Ontario 
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cps. Counter is non-resettable. Her- 
metically sealed or unsealed cases. 
Herman H. Sticht Company, Inc., 27 
Park Pl., New York, N.Y. >550 


MINIATURE CONNECTORS 


Series 8100 Varicon connectors are 

rated at 3 amp. Withstand 1000 volts 

a-c rms at sea level. Insulator material. 
8103 


4X12 « 
8102.10 9 


Two per boord 
8102-8 
Type | 


2 
< 


glass-filled diallyl phthalate. Contact 
material, phosphor bronze, gold plated. 
Contact row spacing. 0.100 in.; up to 
14 contacts per row. Eleo Corp., “M” 
St. below Erie Ave.. Philadelphia 24, 
Pa. >551 


ADJUSTABLE THERMOSTAT 

SPDT 
snap-action switch and is available in 
8 ranges from 0 to 250 F, and up to 
900 to 1200 F. Model M-1C head size: 
1 x 246 x 234 in. in aluminum casting 
Switch rating: 


Thermostat contains miniature 


with gasketed cover. 


125 to 250 volts a-c, 5 amp. Mounting 
fittings: bushing, 

union, or 2'-in. diam mounting flange. 
Approx operating differential, Ip 
deg F for low range model to +5 F 
for highest temperature range; ol 
differentials available. Burling Instru- 
ment Company, 16 River Rd., Chatham, 


N. J. >562 


compression — type 


SNAP-ACTION SWITCHES 


Models with actuating button in cen- 
ter position cover an operating force 
range of 3 to 20 oz. Switches with 
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Hundreds of good reasons why 
Clark “PM” Relays are worth waiting for 


The word is out about the most complete, integrated line 
of control relays available today. 

If your shipment of Clark “PM” Relays has been delayed, 
please be patient. There’s a very good reason. Seems like 
everybody wants them. 

It all began when Clark first announced the completion 
of a full line of “PM” Relays. We were literally snowed 
under by an avalanche of orders. 

We're happy to report, however, that our manufacturing 
facilities have been expanded to meet the demand and we're 
rapidly catching up—even though the avalanche continues. 

Is it any wonder when you consider the many advantages 
the Clark “PM” Relay line offers: modular construction 
that makes possible integrated uniformity, compactness 


vn He 


and flexibility...neater, more uniform panels... the 
greatest possible use of every square inch of valuable space. 

Is it any wonder also, when you consider that every 
relay in the Clark “PM” line is manufactured with the 
same careful attention to detail that has long made Clark 
“the standard of quality” for industrial control. 


No time-saving production short cuts are worth sacrific- 
ing this quality, even in the face of the tremendous demand 
created by customer preference. In fact, we're sure our 
customers wouldn't have it any other way. 

Your Clark Controller sales representative or distributor 
will be glad to give you more reasons why Clark “PM” 
relays are your best control relay buy—well worth waiting 
for. Contact him or write direct to Clark Controller. 9R2 


CLARK CONTROLLER 


Everything Under Control * 1146 E. 152nd St. Cleveland 10, Ohio Company 
' ] I} IN CANADA: CANADIAN CONTROLLERS, LIMITED © MAIN OFFICES AND PLANT, TORONTO 
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actuating button in off-center position 
land integral wire or flat leaf actu- 
itors cover operating range of 2.5 to 
0 gm. Series 5200 switches meet | 
| MIL-S-6743 and vibration re juirements 
f MIL-E-5272A. Procedure II. Haydon 
Switch, Inc., Waterbury. Conn. >563 


IRRADIATED POLYETHYLENE 
DERIVATIVE 


One of a group of irradiated insulating 
materials, Surco-Rad 19, may be oper- 


ated continuously at 110 deg C when More 
used as a 0.015 in. thick wire insula- 
In the best of shapes tion. Modified polyethylene derivative molded 
may be exposed to temperatures up to ° 
800 F for appreciable periods of time, terminals 
as in soldering. without melting or 
shrink-back. Withstands 600 F for at than 
least 30 sec. Surprenant Mfg. Co., 172 
Sterling St., Clinton. Mass. >564 


Here are just a few of the many 
shapes to which Vulcan Electric 
Tubular Heaters are formed. They 
are ideal for immersion in liquids, 
soft metals or molten salts. Straight 


tubular heaters are easily clamped 
to metal surfaces or inserted in ma- ELECTRICAL 
chined grooves. Vulcan Tubulars 

SHIELDING TAPE 


are easily cast into aluminum, iron 
or other metals. They can also be Shielding tape is made by laminating 
furnished with flattened surface 0.00035-in. aluminum foil to 0.0005-in. 
for even more efficient heat transfer. Mylar film. “Metalshield” tape reduces 
Vulcan Tubular Heaters are es- 
pecially useful when you want a lot 
of heat in a little space. You have a 
wide choice of sizes 10” to 148” 
(special — shorter or longer); diam- 
eters — .250", .280”, .333”, .450”; 
wattage 10 to 10,000 (or higher); 
voltage standard 120 or 240, 
special 6 to 480 (or higher); sheaths 
copper, steel, high temperature 
alloys. 
Solve your hot problems with 
Vulcan Versatility in electric heat. 
Send coupon for catalog and prices. 


ELECTRIC 

COMPANY 
Danvers, Mass. crosstalk when spiral-wound around 
Cartridge © Strip ¢ Tubular ¢ Immersion Electric Heaters communications wire. Dobeckmun Co.. 
Soldering and Branding Irons ¢ Solder and Give Pots Div. of Dow-Chemical Co.. 3301 Mon- 
anne PES S Rene SStee aaa roe Ave., Cleveland 1, Ohio. >565 


Vulcan Electric Company 
18 Holten Street, Danvers, Mass 


Please send me catalog and price information on ALKYD MOLDING COMPOUND 


Vulcan Electric Heaters. 
Glass-fiber-reinforced alkyd molding 


Name & Title : ; ° . 
compound is designed primarily for | 


senpey military applications. Type 205 is clas- | = 
Street & No sified as an MAI-30 material, covered | OVER 100 TYPES IN STOCK...CUSTOM MOLDINGS 
City & State by Military Specification MIL-M-21699. TO SPECIFICATION...SEND FOR FREE CATALOG 
Typical applications are electrical parts Lerco Electronics, Inc. 
such as circuit breakers, switch hous-| 501 S. Varney Street, Burbank, California 
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ANACONDA’ COPPER METALS 


FOR THE ELECTRICAL INDUSTRY 


THE AMERICAN BRASS COMPANY + WATERBURY 20, CONN. 


CROSS-SECTION of stator bar showing arrangement of 40 rectangu- LIQUID COOLANT enters the tubular conductors through a strand 
lar copper tube conductors which carry current and coolant— header at end of stator bars. Above: Header cut open to show 
transil oil in present designs, water in units being planned. construction. Below: Headers being installed on stator bars. 


po wou KNow THESE | — Liquid-cooled tubular copper conductors 


ANACONDA LEADED COPPER-126 (Cu 

SOR Lie) ome a | |. stators can double generator ratings 
conductivity, averaging 99% I.A.C.S., 

annealed, with excellent machinability, 
80 on a scale in which Free-Cutting 
Brass is 100. Available in strip, rod, and 
bar form. 


In designing turbine-generator units for 
the ever larger blocks of power needed 
by. the electric utility industry, General 
wes —— . Electric scored a major advance by 
99.49%, Te 0.50%, P 0.01%) offers ces . — 7 
ae , = iquid-cooling the conductors in genera- 
high conductivity averaging 95% ’ aes re bare. TI ‘obl } 
I.A.C.S., annealed, and machinability tor stator bars. The arene ae een to 
rating of 80. Available in rod, bar, ex- increase generator ratings without in- 
truded shapes, and die-pressed forg- ’ creasing their physical size beyond the 
ings. Particularly valuable where hot } 
forging or hot working is combined H 
with machining. ™ Occupying no more space than con- 
WRITE FOR Publication C-25, “Anaconda » » Be ntionally cooled 156,250-kva units of a 
Copper for Electrical Conductors.” " ; few years ago, the first conductor-cooled 
G-E generator has a rating of 260,000 
kva. And this new design is a significant 
d W Idi Wi ‘ | 5 lb step toward doubling generator ratings 
Anacon a e Ing ire now availa e on “IW. without an appreciable increase in 
frame size. It — the w: ay to much 


spools for inert-gas consumable-electrode welding 's:xe, machines ~ possibly as high as 


750,000 kv: a. 
‘ ae The French Small Tube Division of 
For welding copper bus conductors and other fabri- The American Brass Company has re- 
cation by inert-gas consumable-electrode processes, cently supplied rectangular copper tube 
Anaconda C —— 372 Peres | Wi ire is now r oval initaiinidtems deo sinaiidy. generator of this 
PT 2st sank Cafalycleved sgn, hie wl havea rating 
Be . ippee in a specia 221,000 kva. The tube was shipped in 
ane. ie “annie avail: ‘ble on spools: .035°, 11,4 anita, 
045”, “oe”, 842” and ”. Other Anaconda copper-alloy - 
welding alloys, such as Everdur®-1010 and For technical assistance in the design 
BL a Ambraloy “ -928, also are supplied on spools. For of hollow conductors, write The Ameri- 
detailed information on Anaconda Welding Rods, can Brass Company, Waterbury 20, 
iste write for Publication B-13. Connecticut. ' 


ANACONDA TELLURIUM COPPER-127 (Cu 


limitations of transportation. 
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CONVERTS LINEAR SOLENOID THRUST 
INTO ROTARY TORQUE 


A ROTARY SOLENOID 


MODEL R133 NOMOGRAPH 
FOR DETERMINING MINIMUM AVERAGE TORQUE 


10% DUTY 
"Lae TT TT 


DEGREES ROTARY STROKE 

NOTE: The output torque curve may be varied providing the 
area under the desired torque curve, when superposed on above 
nomograph, does not exceed the area under its minimum average 
torque rectangle. This torque rectangle is formed by perpendicular 
lines to torque and stroke axes from junction of degrees stroke line 
and duty cycle curve. EXAMPLE: 30° rotary stroke at 50% duty 
cycle produces a minimum average torque of 1.9 Ib.-in. 


FEATURES 


NO AXIAL MOVEMENT OF OUTPUT SHAFT 
THRUST BALL BEARING PROVIDES NEGLIGIBLE SIDE LOAD EFFECTS 


EXTREME LONG LIFE ASSURED WITH HARDENED TOOL STEEL 
MOTION CONVERTER 


AVAILABLE WITH HIGH STARTING, HIGH ENDING OR RELATIVELY 
UNIFORM TORQUE 


15° to 60° ROTARY STROKES AVAILABLE 
@ PRECISION MACHINED THROUGHOUT 


DESIGNED TO MEET STRINGENT MILITARY AND AIRCRAFT REQUIRE- 
MENTS 


Further details from: 
ROLENOID, INC. 
1732 West Slauson Ave. 


Los Angeles 47, California 
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ings, terminal boards, connectors, fuse 
holders and rotary switches. Compound 
supplied in continuous rope form in 
diameters from 4% to 14 in. Color of 
molding compound is light tan, with 
other colors available for civilian ap- 
plications. Glaskyd, Inc., 230 Eckel 
Rd., Perrysburg, Ohio. >556 


SPECIAL-SEQUENCE 
POWER SWITCH 


Switch provides control of multiple 
circuits in predetermined sequence 
with maintained and momentary §ac- 


tion. Series 4201-V-12 rated 125/250 
volts a-c, 15 amp at 34 hp. UL and 
CSA approved. Available in various 
terminal types and sequences. Bushing 
lengths, 144 to %4 in. Sargent Electric 
Corp., Dept. A-l. 630 Merrick Rd., 
Lynbrook, L.I., N.Y. >567 


LIGHTWEIGHT 
ACCELEROMETER 


Miniature accelerometer is 1% in. high, 
weighs 9 gm and provides 5_ pk- 
mv/pk-g sensitivity with a first res- 
onant frequency of 30 ke. Model 2224 


frequency response, +5 per cent for 
2 to 6000 cps with amplitude line- 
arity of 1 per cent and temperature 
range of —70 to +230 F. Insulated 
mounting studs available. Endevco 
Corp.. 161 E. California Blvd., 
Pasadena, Calif. > 568 


SILICON POWER RECTIFIER 


Rectifiers are rated at 25 to 35 amp 
at 50 to 500 piv and base temperatures 
to 130 C. Diodes feature over-sized 
anode lug and 10 ma reverse leakage 


ELECTRICAL MANUFACTURING 








RCA 


TUBES FOR = 
INDUSTRY AND : 
THE MILITARY : 


For your electronic-equipment designs, 
RCA tubes for industrial and military 
applications offer top quality and proven 
dependability. No matter what your 
circuit requirements... for service in 
photoelectronics, microwaves, power 
rectification, video, thyratron control, 
RF heating, or radio communication... 
look to RCA for the tubes you need. 

Your RCA Field Representative is the 
man to call for complete information. 
For your copy of any of the publications 
shown, write to RCA Commercial 
Engineering, Section 1-54-Q, Harrison, 
N. J., indicating the form number of the 
booklet desired and include remittance. 


ee hea 








« Newark 2, N. J., 744 Broad St. e Los Angeles 22, Calif. e Newark 2, N. J., 744 Broad St. 
RCA HUmboldt 5-3900 + E. ito Bivd GOVERNMENT HUmboldt 5-3900 
« Detroit 2, Mich. ymond J- SALES | « Dayton 2, Ohio 
FIELD OFFICES 714 New Center Bidg. e Chicago 54, IIl., Suite 1154 244 N. Wilkinson St 
TRinity 5-5600 Merchandise Mart Plaza BAI dwin 6-2366 
WHitehall 4-2900 * Washington 6, D.C. 
1625 ‘‘K’’ St., N.W., District 7-1260 


RADIO CORPORATION OF AMERICA 


Electron Tube Division Harrison, N. J. 
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ACTUATES ANOTHER PRECISION PRODUCT 


A product of Stevens Manufacturing Co. 
Mansfield, Ohio 

This miniature thermostat, a new product of Stevens Manufacturing 
Company, Inc., is a snap-acting unit to open on temperature rise, 
especially valuable for missile, avionic, electronic and similar uses. 
Available in semi-enclosed and hermetically sealed types, it fills the 
need for a reliable thermostat that is both snap-acting and has a 
narrow differential for close temperature control. Its metal case pro- 
vides excellent heat transfer to the bimetal, principally because of 
the minimum mass of the cover and case, altho the disc element is 
not mounted against the case itself. Each thermostat is individually 
calibrated, regardless of quantity. Temperature range is 10° to 
260 F, 2 to 6 F differential. Available with one or both terminals 
grounded. Rating is 1 to 3 amps, 115 VAC and 28 VAC/DC. 


Here we get into the highest type of precision temperature control, 
applied to electronic equipment which is not only worth, in some 
cases, over $1000 per pound but which affects the functioning of the 
complex machine or missile in which it is installed. Stevens has 
operated such controls from a million to a million and a half cycles 
with little or no change in temperature. We're proud that Chace 
Thermostatic Bimetal has what it takes to provide such complete 
reliability and accurate response under critical conditions. Only 
experience such as our third of a century as manufacturers of bimetal 
exclusively can offer such security. 


When your new temperature responsive device approaches the design 
stage remember that Chace Thermostatic Bimetal is available in 
strip, coil or completely fabricated and assembled elements of your 
design. Send for ‘Successful Applications of Chace Thermostatic 
Bimetal,’’ containing many pages of design data. 


W. M. CHACE CO. 
Thevnorstalic Bimetal 


1608 BEARD AVE., DETROIT 9, MICH. 
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current, full cycle average, at 130 C 


base temperature over entire operating 
temperature range. International Reeti- 
fier Corp., 1521 E. Grand Ave., El 
Segundo, Calif. >569 


PRINTED-CIRCUIT 
DRAFTING AID 


Narrow, black pressure-sensitive photo- 
graphic tape in widths from M4 in. and 
up is supplied in 15- and 60-yd rolls. 
Used for making printed-circuit master 


\ 


layouts. Non-staining, adhesive-backed 
tape is available in rolls 3 in. wide x 5 
yd long for draftsmen who have special- 
shape conductors or pads to form. By- 
Buk Co.. 4314 W. Pico Blvd... Los 
Angeles 19, Calif. >570 


CIRCUIT BREAKER 


Miniature electromagnetic, inverse time- 
delay circuit breaker features resistance 
to 100 g shock and an ultimate trip 
level of 125 per cent of rated current; 
independent of ambient or operating 
temperature. Standard time delays: 
short delay for use in protecting elec- 
tronic equipment and long delay for 
protection against trips caused by line 


(Continued on page 313) 
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[\ IN][S\W/ [s[22/4\ on RELay LIFE 


AND RELIABILITY! 


THEY MAY LOOK ALIKE, BUT 


these new relays completely outmode the usual 
concepts of relay life and reliability. 

For years the Allen-Bradley Bulletin 700 
Type B and Type BX relays have been pre- 
ferred for their long life and their consistent, 
trouble free operation. In having produced 
millions of these relays, we learned how to im- 
prove them. Thus, the new line of Type B 
and Type BX relays was designed to set a new 
level of performance standards. 
| oe = Turn the page and see the outstanding fea- 
Gamma’ tures of these new Bulletin 700 Type B and 

co ® Type BX relays. For the same price, they offer 
you even greater value, greater reliability. 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 





| 
: Be # Old Bulletin 700 ‘ | 
c mee Type BX-440 Relay 


Old Bulletin 700 
bo) or elem Colby 
with 4 N.O. contacts 





Ch aaa | 





11 GW aulletin 700, Type BX-440A 


NOM ice Chas Ue de elm tl bg 
Cyl Mem bart mul lary 





TIO W aulletin 700, Type B-220A 


AC Control Relay with 2 N.O. and 2 N.C. contacts 
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NEW BULLETIN 7OO RELAYS 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 


ne 
ALLEN -BRADLEY 


provide these 
improved 
features 


New mechanical design gives at least 5 times 
greater operating life. 


New contact motion provides 10 times greater 
electrical reliability. 


Compact construction—new relays are structurally 
improved with no change in size. 


Complete interchangeability. Mounting dimensions 
of new relays have not been changed. 


Rugged, high efficiency cast plastic coil. New, im- 
proved coil fits all Bulletin 700 relays. 


New, stronger, movable contact crossbar—fits 
Bulletin 700 relays now in service. 


Improved stationary contact blocks. These new 
blocks can also be used on present models of the 
Bulletin 700 relay. 


Increased life and reliability—no increase in cost. 
These new, improved relays are priced the same as 
previous Allen-Bradley models. 


The letter A is added to the Bulletin 700 relay type 
number merely to distinguish the new line. 


These new relays are Allen-Bradley’s ‘thank you” 
to our many customers who have bought millions 
of Bulletin 700 relays over the years. 


ei 
5S a 1s 
Sie 


2 - 


de 


Member of NEMA 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wisconsin 


The old Bulletin 700 relay was first placed on the 
market some 25 years ago. Today, millions of these 
relays are in daily service—all over the world. 


None of the old relay “‘values”’ have been lost in 
the new designs. Instead, these ‘‘values”’ have been 
greatly improved. The new relays feature a simpli- 
fied, longer life, solenoid construction. The double 
break, silver alloy contacts are the same—always 
in perfect operating condition—without cleaning or 
filing. The operating coil has been greatly improved 
—it cannot be damaged by atmospheric conditions, 
no matter how severe. 


No one can deny the popularity of the older 
Bulletin 700 relays. The new relays—with their 
superior features—will be an even better answer 
for any and all relay applications. 


TYPE B, GENERAL PURPOSE 
Bulletin 700, 8-pole relay. Made 
with 8 N. O. and no N. C., or up to 
4.0. and 4 N. C. contacts. 


TYPE BX, UNIVERSAL 
Bulletin 700, 8-pole relay with 
both N. O. and N. C. contacts. 
Changeover is made by recon- 
necting incoming lines. 


HERE 1S ANOTHER REMARKABLE ADDITION 
TO THE ALLEN-BRADLEY RELAY LINE 


It’s new... and it’s different. This 
unusual Bulletin 700 convertible 
contact relay has contacts that can 
be changed from normally open to 
normally closed operation (or vice 
versa)—in just moments. A screw- 


driver is all it takes to do the job— 
no additional parts are needed. Like 
all A-B relays, it’s good for millions 
of trouble free operations. Watch for 
announcement and full details of 
this new convertible relay soon! 


roLUyVM a 
MOTOR 
CONTROL 


In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 





transients. Units available for interrupt- 
ing 50 volts d-c at 0.05 to 10 amp and 
for interrupting 120 volts rms, 60 to 
400 cps at 1.0 to 10 amp. Breaker has 
toggle handle. Airpax Electronics Inc., 
Cambridge Div., Cambridge, Md. ->57] 


SIZE 5 SERVO MOTOR 


Motor weighs 0.6 oz and delivers 0.10 
oz-in. of stall torque. Power require- 
ments of Size 5 unit are 1.5 watts per 


monet 1900 


ata L 
Dual Ranges 
to 10.000 


fi pere-Turns 


phase at 26 volts, 400 cps for accelera- 


tion of 39,000 rad/sec? until free V ae MS ta 


speed of 10,000 is reached. Moment of | Designed for production, research and instrument re- 
inertia is 0.18 gm-cm?. Daystrom | 0 DEL pair work, the Model 1500 will magnetize the new 
Transicoil Corp., Worcester 5 ae cobalt platinum and barium ferrite materials as well 
sais ea Pa ys >572 as all the Alnicos. It will saturate large switchboard 
peeieey SOMREY) Pas 7 meter assemblies and all panel type instruments and 
uses most existing adapters designed for the Model 
PLASTIC COATING MATERIAL | | = Seah ees walt Dem apes games 
Processing system and material is used | maximum operator protection. Operates from 115- 
for the plastic coating of fabricated : volt, 60 cps line. Size 11 x 20 x 15; weight 125 Ibs. 
steel, wood, fiber, paperboard or other Price $945. 
materials. Coating is spray-on vinyl ves A 
formula. Coatings of 0.003 to 0.012 in. ; 
thick when used over pre-textured steel 5 A basic condenser discharge unit for most medium 
will retain detail of textured pattern. | " size magnets, the Model 107A provides ranges of 
Available in range of standard or 12,000 and 24,000 ampere-turns. It is capable of 

ani aie Mi eee aes = saturating most instrument magnets, including the 
matched colors. Electric strength, 750 : : 

; cia 2 Tk MODEL 107A new core type mechanisms, using adapters or 
volts per thousandth inch of depth. | | wire-wound fixtures. Designed for continuous 
Kaybar Inc., Birmingham, Mich. ->573. | duty. Operates from 115-volt, 60-cycle line. 

Price $530. 


MAGNETRON PULSE 
TRANSFORMER 


High-power pulse transformer features 


UUM NU HU 


A high powered magnetizer (up to 200,000 
ampere-turns) capable of charging large Al- 
- . nico and ceramic magnets of various shapes or 
pulse cable connection. Case contains | as pole configurations. Adapters for multi-pole 
two trigger windings to actuate ex- rotors, rod, bar, ring and other shapes are 
ternal circuits. Power output, 1.3 mega- | : available. Designed for conunusEs produc- 

f tion use. Size 30” x 33” x 38”; weight 235 Ibs. 


watts at 28 kv. Step-up ratio, 1:3.5. with 200-uf unit. Price of basic unit is less 
Primary impedance, 50 ohms. Pulse ae than $2100. 


plug-in’ magnetron receptacle and 


Performance of all models is rigidly guaran- 
teed. Prices are net f.0.b. Boonton, N.J. and 
subject to change without notice. 


I yf aL 
RAL ea: 


LABOR ree 


Boonton, New Tas) 
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duration, 0.9 #sec. Pulse repetition 
frequency, 1300 pps. Filament supply, 
3.5 amp. Stavid Engineering, Inc., 


a ie Plainfield, N. J. 574 
. 


Transducer has differential transformer 
with internal solid-state converter/de- 


ator. Permits d-c excitation (6 
* B. FRANK HANTZ, Vice President modulator. Permits d-c excitation (6 


AMERICAN INSULATOR CORPORATION 
One of The Men Behind The Man From Aico 


oo 
in plastics mi eee 


“ Aico’s enviable position in the field of molded plastics has been attained 

largely through customer satisfaction and service. Since 1916, Aico has 

been a major supplier of molded plastics to many of America’s pace- 

setting industries. Each molding job presented its own unique problems 
... problems which were successfully solved by the integrated facilities volts) and gives d-c signal output (+2.6 
and coordinated skill of expert craftsmen within the Aico organization. volts). Stroke, +1 in. Linearity, 0.5 
Perhaps the best proof of Aico’s efficient service . . . and satisfaction per cent. Model LMT-05102-DC tem- 
delivered ...is the record of new assignments we receive from cus- perature range, 0 to 120 F. Other models 
tomers we've served in the past.” available. G. L. Collins Corp., 2820 
E. Hullett St., Long Beach, Calif. 575 


GASKET MATERIAL 


Composite gasket material (Avronite) 
consists of a chemically vulcanized 
fiber core coated on both sides with 
a layer of Buna N oil-resistant syn- 
thetic rubber. Gasket seals by filling 


MOLDED NYLON PUMP IMPELLERS an 
ANOTHER NEW USE OF AICO PLASTICS 


These nylon pump impellers are typical 
examples of how better products result FREE 
from the use of Aico Molded Plastics. Plastics 
Molded to extremely close tolerances, pro | Designer’s 
viding precision accuracy without machin- Handbook 
ing, the nylon impellers reduce assembly , aneboo 
costs while increasing pump efficiency. Shows how good design controls unit cost of at temperatures to 300 F, and vertical 
heir light weight conserves driving energy. molded plastics. Molded plastic parts with a loading to 20,000 psi. Material resists 
The chemical, corrosion and wear resistant low unit cost can be achieved only when the il % : } ; . Te 
qualities of the nylon material promises practical limitations of die-making are given ols, gasoline, iydraulic fluids and re- 
longer impeller life and less pump main- full nies when moors being - frigerants. Tensile strength 8000 psi 
! t . 2 ° ° ° 
tenance. Aico Molded Plastics can give ee en ee ee cee min lengthwise, 6000 psi crosswise for 


duc lling sales adv: signer's Handbook that tells and illustrates 
your products new, impelling sales advan- how costly design errors con be avoided. A 0.030-in. thickness. Available in various 


tages, too. Discuss them with Aico now ; : > 3 
FREE copy is yours on request use cou thicknesses. Kalendex Corp., 26018 W. 
pon below . . ‘ ° 
Seven Mile Rd., Detroit, Mich. ->576 


een 


any flange surface irregularities. For 
sealing internal pressures to 750 psi 


AICO’S Nook of saucumeteneanel CERAMIC AND 


is experience and coordinated 
Pi ti K | d facilities for Engineering, Mold PLASTICS ADHESIVE 
astics Anowile ge Guiiding, Compression, Wensfor, Adhesive obtains high tensile strength 
Plunger, Injection and Cold Molding : os © _ 
plus the molding of Reinforced in bonding to metals or glass and is 
Fiberglas effective with ceramics and cured phen- 


olic, urea and melamine’ molded 
BR BRR Se Se ee ew we : 
. plastics. When heat cured, shear 


streng s 95 Ss f > De re. 
Anurican Insutator CorrorariOn ee ee a es 

New Freedom, Pa corded. Uses o ostic 1026: vonding 
INSERTS . . . may be used in plastic ports | ee phenolic sheet to metal in manufacture 
- ey & aan wer va Please send me a FREE copy of Aico's of switch and contact assemblies: man- 

andling or facilitate assem ° e e ’ 7 7 ’ . 

may non functional coanian a oar J PLASTICS DESIGNER'S HANDBOOK. ufacture of speaker coils; as paper and 
be used purely for decoration.) Smooth wire coating; as general-purpose, wet- 
rod inserts (see sample above) may be Name 
securely anchored by bending, splitting, 
notching, swaging or knurling. Other i (Continued on page 316) 
types of inserts are fully covered in es . “ 
Aico's booklet ‘‘Good Plastics Design €Circle 300 on page 17 
Makes Cents.'’ Coupon will bring your Ca 
FREE copy. Company _ 


stick cement for electrical assemblies. 


Address 
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:Panelbuilder 


News for and about Panelbuilders 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. © Subsidiory: Cutler-Hammer International, C. A, 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation, 


COMPLETE LINE OF DEPENDABLE CONTROL 
COMPONENTS CUTS PANEL ASSEMBLY COSTS 


Panelbuilders using Cutler-Hammer 
Three-Star Motor Control report it 
provides important savings in the time 
and effort required to layout, mount 
and wire their panels. Ready-to-mount 
Cutler-Hammer Starters and Contac- 
tors are available in NEMA sizes 0 
through 4 for all non-reversing, revers- 
ing, and multi-speed applications. 


Simplified Installation 


Regardless of the size or type, all 
Cutler-Hammer Starters and Contac- 
tors use the same time-saving methods 
of key-hole mounting and _ straight- 
through wiring. Sure-grip terminal con- 
nectors hold wires securely even when 
different sizes are used. Indestructible 
molded magnet coils are color coded for 
quick voltage and frequency identifica- 
tion, and to interchange coils only a 
screwdriver is needed. 

Dependable Performance 
Repeated tests reveal Cutler-Hammer 
Components provide substantially 
greater electrical and mechanical life. 
Vertical dust-safe contacts stay clean, 
free from the ravages of arcing and pit- 
ting caused by dust contamination. 
Light weight, short stroke movable 


SEPTEMBER 1959 


contact members hold the inertia effect 
to a bare minimum resulting in far less 
contact bounce and mechanical wear. 
Magnet armatures pivot smoothly on 
hardened bearing surfaces, avoids the 
uncertainties of sliding friction. 

Complete information on all panel 
mounting Cutler-Hammer Control 
Components is contained in the latest 
edition of the Panelbuilders Handbook. 


PANELBUILDERS HANDBOOK SIMPLIFIES 
SELECTION OF ELECTRICAL COMPONENTS 


This handy 80 page reference guide is 
specifically edited to assist design engi- 
neers and control panelbuilders in the 
selection of electrical control compo- 
nents and control accessories. Every 
effort was made to make this book as 
concise as possible, and yet it includes 
such vital information as wiring dia- 
grams, dimension drawings, ratings, 
ordering information and a maintained 
price list. 

Address your request for a personal 
copy on your company letterhead. Ask 
for the Publication EE120-S231 
Cutler-Hammer Inc., Milwaukee 1, Wis. 
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NEW OIL-TIGHT POTENTIOMETERS 


Cutler-Hammer recently announced 
the addition of oil-tight potentiometers 
to the very popular line of 10250T Oil- 
Tight Pushbuttons, Indicating Lights, 
Selector Switches, etc. Complete, 
ready-to-mount units are available in 
three models. . . a single element 2 watt 
potentiometer, a dual element 2 watt 
potentiometer, and a single element 25 
watt potentiometer. All three models 
are so designed that they can be either 
base or one-hole mounted. Base 
mounting of the control units is gaining 
preference among panelbuilders and 
machine designers because it eliminates 
“hinge wiring’’ usually associated with 
one-hole, cover mounted control units. 
The new Cutler-Hammer Oil-Tight Po- 
tentiometers are easy to install and in- 
dex. The operating knob, indicator 


ring, and sub-panel operator are inde- 
pendently adjustable, permitting rapid, 
sure alignment of all three. The out- 
front position of the indicator ring is 
another plus feature of design. One 
glance and the machine operator is sure 
of the exact setting . . . no stooping, no 
parallax, no guessing. For detailed in- 
formation on the new Cutler-Hammer 
Oil-Tight Potentiometers and other 
10250T control units write on your 
company letterhead for the Master 
Design, Pub EL178-S231. 





World’s Largest Floor-Type 
Horizontal Boring and Drilling 
Machine of Giddings & Lewis 

has Allen Bradley Controls 

using EL THYRATRONS. 


{INCORPORATED 


AVENUE 


ELECTRONS: 
1 27 SUSSEX 


NEWARK > N. J. 


pints rape 
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Clear, amber solvent solution of syn- 
thetic resins resists heat to 250 F, water 
and gasoline. United Shoe Machinery 
Corp., B. B. Chemical Co., Sub., Cam- 
bridge, Mass. >577 


ADD-ON TERMINAL BLOCKS 

Phenolic resin, interlocking terminal 
blocks use 1°42 in. wide x 7*42 in. high 
sections. Dimensions between centers of 
assembled points is 132 in. Type SM600 


anne 


t 


solderless type accepts up to No. 
10 AWG. SM100 screw type accepts 
up to No. 14 AWG. Current-carrying 
connectors are silver plated. Add-A- 
Point miniature blocks rated at 30 amp. 
750 volts. Temperature rise over 24 hr, 
17 F. Molded slot in barrier accepts 
marking strip. Wama Co.. Industrial 
Bldg., Baltimore 2, Md. >578 


FAN AND BLOWER MOTORS 
Three-phase motors are available in 
320- to 1000-cps, 200-volt models. Mo- 
tors require no running capacitors. 
Four-inch axial fan shown here de- 


livers 240 cfm using 400-cps motor. 
Ambient range is —55 to +125 C. 
Motors meet MIL-E-5400 and MIL-E- 
5272A. Air-Marine Motors, Inc., 369 
Bayview Ave., Amityville, L.I.. New 


York. -»579 


THERMAL TIME-DELAY RELAY 
Relay may be operated under vibration 
of 20 g up to 2000 cps. Operating 
time delays of 3 to 60 sec available. 
Time delay is factory set within +5 


ELECTRICAL MANUFACTURING 





STAYS BRIGHT! 


Shown above are some of the many 


Rogan knobs available fi 
stock molds, Fast delivery. Ag URSIGTSITOTS 

Special shaft holes at nominal cost. eli P ae 
Send for details and catalog. CUSTOM MOLDED Satin-chrome finish 


0 | ; 
BRoTHuRS YOUR OWN DESIGN A «= protects General Electric 


oil-tight selector switches 





8027 N. Monticello * Skokie, Illinois 


AMERICA'S FOREMOST MOLDERS AND BRANDERS OF PLASTIC KNOBS 
Circle 303 on page 17 


A new satin-chrome finish on General Electric oil- 
tight selector switches resists corrosion and wear, 


s 
fractional horsepower gives better appearance on your panel. 


_— - This new finish for selector switches is the new- 
at its est feature in G.E.’s complete line of oil-tight push 
fi 1 buttons. In addition, the line includes all types of 

P inest! selector switches, indicating lights, stations and 

°° accessories. ONLY GENERAL ELECTRIC push- 
button operators have color coding on locking rings, 

thus eliminating loss of color identification result- 

ing from dirt and grime. And separable operators, 

color rings, and contact blocks provide flexible 

building-block construction that cuts stock require- 

ments! Write for bulletin GEA-5779. General Elec- 

Rae M-12 or M-13 with G-12 


reducer. M-12 and M-13 tric Company, Schenectady, N. Y. 731-17 
motors AC/DC Universal or | 


Shunt. 1/5 H. P. Max. G-12 
motors guar wall $36:) aes. end 
100 in. Ibs. Max. M-13 has } OTHER G-E ADVANTAGES 


ball bearings. Less Button Projection 


choice of leading manufacturers pre cee ee 
Don’t gamble with the success © AC/DC Universal a panel, cuts total projection 
of your product! By careful —e Dc Shunt Wound Sy space. Protected buttons also 
analysis and testing together —« p¢ Series Wound ) guard against —_ unintentional 
with a engineers you Can —_¢_p¢ Compound Wound operation. 
gel od right motor for © Gear Reduction Motors ‘ ; 
RAE offers outstanding serv- ® Governor Controlled Motors ‘ y Combination Button-light 


ice and quality in a large © Motors for Rheostat Control . Illuminated push button saves 
variety of motors in voltages © Motors for Electronic Control ‘ money and panel space by 
up to 250, and up to % H.P. @ Permanent Magnet Motors and combining pilot light and push 
(higher for intermittent duty) Gearmotors 
with many gearhead motor 
combinations. Let us show 


you how these advanced mo- 
tors, now in such big demand, 
can improve your product aZ@ MOTOR CORP. 


and reduce your costs. 
Send for the ‘‘RAE"’ service sheet. It 2009 neha anne 
will help you supply the data neces- TE 


button in a single control unit. 


sary for recommendations and prices. 
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divide 
motion 


into 25,600 
exposures 


per second 


with the 


D 


This new camera, which operates 
at constant speed, offers new 
potentialities in the use of pho- 
tographic instrumentation for 


high-speed motion analysis. 


May we supply further informa- 
tion? Or provide guidance in the 
potential application of Dynafax 
(or any other of the Beckman 
& Whitley High-Speed Cameras) 
to your problems? 


a & Whitley INC. 


SAN CARLOS 11, CALIFORNIA 
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per cent. Heater voltages of Type PT | 
range from 2 to 115 volts for delays | 


of 3 to 12 sec and 2 to 230 volts 
for longer delays. Relays are hermeti- 
cally sealed in 1%6 x 214 x 34 in. case. 
SPST contacts either NO or NC, rated 
2 amp resistive at 115 volts a-c. G-V 


Controls Inc., Okner Parkway, Living- | 
ston, N. J. >580 | 


DEPOSITED-CARBON RESISTOR 


General-purpose, epoxy-coated resistors | 
are rated 4 watt at 125 deg C and 1 | 


watt at 70 C. Type K-125-3 resistors 


= 
K-125, 


a 


A 
a 


are available from 10 ohms to 10 | 
megohms in 1%, 1 and 5 per cent toler- | 
ance. Designed to meet MIL-R-10509C- | 
RN7OB. Kidco Inc., 44 S. Lansdowne | 
Ave., Lansdowne, Pa. —>581 | 


CURRENT-SENSITIVE RELAY 


Miniature relay of “Powrmite” S se- 
ries meets shock tests of 100 g for 11 
millisec and vibration tests of 10 to 
55 eps. Contact arrangement, 2C 
(DPDT); ambient temperature range, 
—65 to +125 C; dielectric test (at 
sea level), 1000 volts (750 volts be- 
tween open contacts); contact rating, 
2 amp resistive; pull-in and drop-out 
time, 5 millisec max. Standard coil 








SEND 
YOUR PRINTS 
FOR QUOTATION 


AND MANUFACTURING COMPANY 


FLASTICS 


for Electrical Applications 


123 Rotary Drive 
GURNEE, ILLINOIS 
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Architect: GRAHAM, ANDERSON, PROBST & WHITE, Chicago, Iilinois 


Electrical Contractor: HYRE ELECTRIC CO., Chicage, Illinois 


Electrical Protection goes MODERN 
with BUSS fuses! .. . 


in the MORTON SALT BUILDING 


The beautiful, new Morton Salt Building is located 
at 110 North Wacker Drive in Chicago—just out- 
side the loop. 


The most modern and safest electrical protection 
was needed because the engineers estimated the 
available fault current might easily reach a value 
of 75,000 amperes. 

BUSS Hi-Cap fuses and FUSETRON dual-element 
fuses were installed because of their high interrupt- 
ing capacity and proven dependability. 


With Fuses, Safe Protection Remains Safe 


Dust, fumes, corrosion or age cannot increase a 
fuse’s capacity or lengthen its blowing time. The 
operation of a fuse is not dependent on latches, 
triggers or other devices that are subject to strains 
and jars of mechanical action—both in opening and 
closing. 

A fuse cannot stick or fail to operate when elec- 
trical trouble occurs. 1 year, 5 years or 20 years 
from now, a fuse will provide the same, high degree 
of protection as on the day it was imstalled. 


Chicago, Ill. 


Morton Salt Building: The main switchgear, 
consisting of 1 - 4000 ampere, 1 - 2000 ampere and 
1-1200 ampere pressure switch, is completely 
equipped with BUSS Hi-Cap fuses. 

To make available the same safe, dependable 
and trouble-free protection, all distribution panels 
-— equipped with FUSETRON dual-element 
uses. 


For More Information 


On BUSS Hi-Cap fuses | On FUSETRON fuses 
Write for bulletin HCL | Write for bulletin FIS 


BUSSMANN MFG. DIVISION, McGraw-Edison Co. 


University at Jefferson, St. Louis 7, Mo. 


THERE IS A BUSS OR FUSETRON FUSE FOR 
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FROM GENERAL INSTRUMENT CORPORATION 


HIGH 


RELIABILITY 
FOR PENNIES! 


RADIO RECEPTOR 


SELENIUM DIODES 


I 


PRICED rrow f . Ps 55S sci: 


small size... ua leakage 


1XH — Half wave — 50 PIV, 12.5 Ma 
2XH — Half wave — 100 PIV, 12.5 Ma 
4XH — Half wave — 200 PIV, 12.5 Ma 
UNITS | 5XxH — Half wave — 250 PIV, 12.5 Ma 
8XH — Half wave — 400 PIV, 12.5 Ma 


TYPICAL 


Also available as doubler, center tap, 4-way bridge and special circuits. 


For complete information, write today to Section EM-2. 


RADIO RECEPTOR COMPANY, INC. 
Subsidiary of General Instrument Corporation 
- 240 Wythe Avenue, Brooklyn 11, N. Y. 
General Instrument Corporation includes F. W. Sickles Division, 
Automatic Manufacturing Division, Radio Receptor Co., Inc., 


Micamold Electronics Manufacturing Corporation and 
Harris Transducer Corporation (Subsidiaries) 
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resistances, 185 to 10 k ohms. Filtors, 
Inc., Port Washington, N. Y. ->582 


INSTRUMENT COLLARS 


Stainless-steel instrument collars for 
gear-train construction have an integral 
shoulder 0.010 high and %e in. larger 


% 


in diam than the bore to insure clear- 
ance of outer bearing race. With two 
flat-end stainless socket  setscrews 
mounted 90 deg apart and spot hole 
located midway between setscrews for 
pinning to shaft. Collars provided with 
bores of 0.187, 0.250 and 0.312 in. May 
be used to hold split-hub gears. Gap 
Instrument Corp., 116 E. Merrick Rd., 
Freeport, L.I., N. Y. ->583 


ALL-METAL SHOCK MOUNT 


Unit mount utilizes a resilient metallic 
cushion and is designed for use with 
electronic and communications equip- 


ment installed in vehicles. Model W681 
mount is available in three load ranges. 
Withstands Ballistic Shock Test and 
Package Test as administered by U. 
S. Signal Corps. Robinson Technical 
Products Inc., Teterboro Air Terminal, 
Teterboro, N. J. >584 


NEOPRENE STRETCH CABLE 


Neoprene compliance cables, in one and 
two-conductor constructions, have ex- 
tension and return of over 200 per 
cent. One pound of stress produces 
stretch of 50 per cent, two pounds of 
stress, 90 per cent. Two-conductor para- 
liel type (SWR-2) has resistance of 
0.15 ohm per extended ft. Circuit re- 
sistance does not change with change 
of cable length. Capacitance, 24 pyuf 
per relaxed ft; inductance, 0.26 micro- 
henries. Individual conductors are in- 
sulated to withstand 1,000 volts. For 
applications to 75 watts. Suitable for 
communication work, patch cords and 
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1/250 to 1/10 HP. Open, Fan-Cooled, Enclosed 


SHADED POLE MOTORS 


Also Gear Motors and S/P Blowers 


Proven Dependability at Lowest Cost 
Fast Delivery from Nearby Stocks 


When you need Shaded Pole Motors for any purpose— 
use Grainger’s Supply Service. We stock newest design, 
precision-built Dayton Motors, 1/250 to 1/10 HP in open, 
fan-cooled, totally enclosed types—stud or rubber 
mounted. Single-speed, two-speed, reversible. 2-pole, 4- 
pole, 6-pole. Also Shaded Pole Gear Motors and Blowers. 
O.E.M.'s write for Bulletins 207, 304 and 705. 


Write for Net-Price Wholesale Motor Catalog. 


63 WAREHOUSES—COAST-TO-COAST 


W.WOJRAINGER,INC. 


Dept. 74. 118 S. Oakley Bivd., Chicago 12 
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ACTUAL SIZE 


a € es 16 27% 
\ Below Carbons 


PRICED 


Replace your carbon resistors with Hamilton- 
Hall’s new 2 watt wire wound resistors, and 
save 5% to 27% on the actual cost price. 

@ Tolerance: +5%, 10% or 20% 

@ Range of Resistance: .270 ohms thru 4700 ohms 
@ Dimensions: 5/16”x 5/16”x 7/8” 


Check these 8 important advantages: 


“Much greater stability than carbons ¢ No “drifting” during shelf life 


© 1/2" axial leads for easy assembling ¢ Convenient rectangular shape 


* Actual resistance, tolerance and watts 
clearly marked 


¢ All marking in indelible high 
temperature ink 

¢ Built to take reasonable overloads ¢ High resistance to humidity 

HAMILTON-HALL FEATURES WIRE WOUND RESISTORS FROM 2 WATTS TO 20 WATTS 


MAIL ty Woe tent Maedaea Wea 
TODAY 


i am very much interested in the following wire wound 


resistors for engineering approval tests. Please send all 


the data, prices, etc. 
SAMPLES 


a 


OHMS % TOLERANCE WATTS 
Name 

Company 

Address 

City 
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ELECTRICAL TACHOMETERS 


GENERATORS 
Atrernating Current 
Derect Current 


INDICATORS 
Alternating Current 
Ovrect Current 
Roto 
RECORDERS 


CONTROLLERS 


LABORATORY STANDARDS 


The Weston Catalog: 


YOUR BEST 
“TACHS-ADVISER’”’ 


One look and you see why Weston Electrical Tach- 
ometers are a sound investment. Unequalled for 
simplicity of design, flexibility of application and 
reliability even under adverse conditions, this broad 
line of accurate, rugged, maintenance-free instru- 
ments can be fitted to existing or original equipment 
with equal ease. 

For indicating, recording or controlling functions, 
in any combination . . . for measuring speed, speed 
ratio or speed differential, from 100 rpm to 100,000 
rpm... for accuracies as high as +1/10% ... you'll 
find your best answer in Weston Catalog 03-100. 

This catalog reveals full details of available units 
including A-C and D-C generators, self-contained 
and bearingless; variety of mountings; voltage-re- 
sponsive and frequency-responsive networks; indica- 
tors, recorders, recorder-controllers and accessories. 

For your copy, or for information about engineer- 
ing assistance, get in touch with your local Weston 
representative, or write: 

Daystrom-Weston Sales Division, Newark 12, N. J. 
In Canada: Daystrom Ltd., 840 Caledonia Rd., 
Toronto 19, Ont. Export: Daystrom Int’l., 100 
Empire St., Newark 12, N. J. 


WESTON 
— Qi umetla~ 


World Leader in Measurement and Control 
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HOW TO SUPPRESS INDUCED DISCHARGE 
VOLTAGE IN MAGNETIC CLUTCHES FOR LAST- 
ING Matched-to-the-Machine PERFORMANCE 


Stearns engineers have proved over a forty-year period that careful 
attention to ALL details of an application can insure dependable, 
trouble-free installations. One of these important details is the 
suppression of discharge voltage . . . a factor that can minimize 
arcing, burned contacts, slow release time, costly maintenance and 
inachine downtime. 


The magnitude of electrical inductance inherent in electric clutches 
depends on the following factors: 1. Number of turns of wire in the 
clutch coil. 2. Nature of the magnetic circuit. 3. Air gap through which 
it operates. A discharge potential of several thousand volts can be 
induced across clutch coil terminals due to collapse of the magnetic 
field through coil windings, initiated by rapid opening of the electrical 
clutch circuit. This voltage surge travels along clutch leads to contacts 
of the switching device — where a considerable arc can occur. With 
clutches drawing 150 watts or more, used in humid atmospheres, pro- 
tection of clutch leads against these voltage surges is advised. Four 
of the various successful methods used by Stearns engineers to suppress 
discharge voltage in specific cases are presented below: 
METHOD |! METHOD I! 
BLOCKING 
RECTIFIER 


A porallel-connscted resistor of approximately 
the some ohmic value os that of the clutch 
suppresses discharge voltage very well, but 
has the disadvantage of drawing additional 
current from the line when clutch is energized. 


A parallel-connected blocking rectifier — with 
due consideration for proper polarity — will 
not pass input current, but provides a low im- 
pedance path to limit discharge voltage. 


NOTE: Methods | ond II, above, suppress discharge voltage quite well, but have a tendency to 
slightly retard release time. Methods II| and IV, below, permit faster release. 


METHOD Ill —a, METHOD IV —. 
CLUTCH & 
VARISTOR—| | SOL e 


RECTIFIERS— 

A poarallel-connected varistor . . . a unit that 
has very high resistance at low potential, but 
becomes a conductor when potential exceeds 
@ specified voltage. Provides fast release, but 
permits discharge potentials as high as 1,000 
volts. 


NOTE: Method Ii! hos been applied primarily to smaller clutches to eliminate arcing at switch 
contacts. Stearns engineers recommend careful analysis of each application to determine which 
method of suppression is best suited to application requirements. 


Two porallel-connected, back-to-back recti- 
fiers. One acts as a blocking rectifier, the 
other takes advantage of the non-linear volt- 
age-resistance relationship of the selenium 
rectifier to limit discharge voltage. 


Bring your starting-stopping problems to Stearns with complete 
confidence that whatever the requirement, a practical solution — 
unmatched for performance and installation-operating economies 
— will result. Stearns has standard clutches and brakes ~ ranging 
from miniature to “king-size” — available for prompt shipment... 
or wall custom design and build units for your specific application. 


For Superior Service — Performance ... Specify Stearns! 
Call the Stearns Representative in your vicinity for complete data on 
electro-magnetic clutches, brakes, and clutch-brake combinations, Or 
write, outlining your specific requirements directly to... 


o/ : Sitans. ELECTRIC CORPORATION 
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missile testing systems. Stretch Wire 
Corporation, Box 893, New Rochelle, 
we. >585 


ALL-ELECTRONIC 
DEMODULATOR 


Ring demodulator may be used as a 
component in circuit design. Model 
1802 uses silicon diodes and furnishes 


a d-c voltage (10 volts max) directly 
proportional to amplitude and phase 
difference between signal input (10 
volts rms) and reference input. Re- 
sponse, d-c output constant within 3 db, 
60 cps to 60 ke. Linearity, +1 per cent 
of straight line. Other models available. 
Varo Mfg. Co., Inc., 2201 Walnut St., 
Garland, Tex. —>586 


FLAT RIBBON-TYPE SWITCH 

Strip switches are encased in pure 
rubber latex jacketing and are supplied 
complete with waterproof lead. Con- 
tinuous strip switch presents a NO cir- 


cuit which closes when 8 oz pressure 
is applied anywhere along its length. 
Contraflex Type LS available in lengths 
from 6 in. to 10 ft. Electrical rating, 
28 volts a-c at 1 amp. Tapeswitch 
Corporation of America, 229-24 Linden 
Blvd., Cambria Heights, N. Y. ->587 


PRECISION CAPACITORS 


Two series of hermetically sealed 
bathtub capacitors have +0.1 per cent 
tolerance and +0.05 per cent stability. 
Type CPM: silvered-mica dielectric; 
standard working voltage, 500 d-c; 
dissipation factor, less than 0.1 per 
cent at 1 ke; operating range, —55 
to +125 C without derating; tempera- 
ture coefficient, +40 +15 ppm/deg C. 
Type CPP: polystyrene dielectric; 
standard working voltage, 400 d-c; 
dissipation factor, 0.02 per cent; op- 
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ELECTRICAL PORCELAIN 


MADE BY DRY 
PROCESS METHOD 


New Jersey 
PORCELAIN 


COMPANY 


New York Ave. and Plum St., 
To your P.O. Box 908, Trenton 5, N.J. 
blueprints 
and 


specifications 
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METAL 


TERMINAL 


TAGS 


* (O><WIRES MARKED 
J” PERMANENTLY. .. 


METAL IDENTIFICATION TAGS OF 
EVERY DESCRIPTION FOR MARKING CABLES, 
LEADS, AND GROUPING WIRES ... 


TERMINAL TAGS are rapidl —_—— obsolete string and paper identi- 
fication methods—they mark the end of identification problems! Made 
of aluminum, steel, beans, or zinc, in a variety of styles and sizes. 
TERMINAL TAGS are easy to apply, and are used in the manufacture 
of aircraft, radios, telephones, motors, generators, etc. They can be 
stamped or embossed to customer specification. 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 


P.0. Box 9-254, NEWPORT, KY. PHONE COlonia! 1-2035 
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Try Them At Our Expense —Prove 
to Yourself How IDEAL “‘All-Plastic”’ 
Wire Connectors Speed Assembly 
and Reduce Product Failures . 


Just a few twists give you a 
connection of high mechanical and 
dielectrical strength. Special plastic 
resists moisture and chemical action 


@ To make connections good for the life of 
your product — at real savings — use Ideal 
“All-Plastic” Wire Connectors. You save 
because Ideal offers the lowest cost, high 
quality connector on the market. The tough, 
non-porous plastic shell provides excellent 
insulation, resists nearly all chemical action 
and takes a minimum of space. Smooth, 
non-abrasive threads twist and grip wires 
firmly but never damage the finest of 
stranded wires. Easy to apply, by hand or 
power driver. Send for free samples. 


Paste 


WIRE CONNECTORS by 


| TRY THEM: 


SSSSSHSHSSSSSSSHESSHESESSESHESHESEEHESESSESESEEEHEEEEEEEE 


IDEAL INDUSTRIES, Inc., 1008-1 Park Ave., Sycamore, Ill GOFAL 


Please send samples of IDEAL’S “All-Plastic’” Wire 
Connectors. 


Company——_—____ 





Address—_____ = 
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Better Coils begin with 
iataatelidancen PAPER TUBES 


@ No sharp outside edges to cut wire 

@ No need for wedges to tighten wire 

@ Permits winding coils to closer tolerances 
@ Allows faster stacking of wound coils 

@ Has full rigidity and physical strength 


ANY SIZE—SQUARE OR RECTANGULAR 


PARAFORMED paper tubes simplify coil wind- 
ing operations and speed production, yet cost no 
more. In the exclusive PARAFORM method of 
tube making, no artificial heat or pressure is used 
— Paraforming takes place at the time of spiral 
winding. Hi-Dielectric. Hi-Strength. Kraft, Fish $PIRAL WOUND 
Paper, Acetate, Red Rope or any combination _Not Die Formed 
wound on automatic machines. Produced from 
a arbors or special sizes engineered for you. 


Can also be supplied in regular or with slight bow. Write on company 
letterhead for 


PARAMOU NT PAPER TUBE CORP. ARBOR LIST 


612 LAFAYETTE STREET, FORT WAYNE 2, INDIANA of over 2000 sizes 
Manvfacturers of Paper Tubing for the Electrical industry Since 1931 
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Attach Leads to Ultra-Fine Magnet Wire? 
Sure!! ...and Economically 


Send for samples illustrating how Deluxe Coils’ 
advanced engineering and manufacturing know-how can 
supply miniaturized coils (48-56 gauge wire) with leads. 
Cut your scrap and termination problems. 


DELUXE COILS, INC. 
POST OFFICE BOX 318 , WABASH, INDIANA 
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erating range, —55 to +85C; temper- 
ature coefficient, —120 +15 ppm/deg 
C; dielectric absorption, 0.1 per cent 
max. Arco Electronics, Inc., 64 White 
St., New York 13, N.Y. —>588 


EXPANSION NUT 


Quick-attachment nut is designed for 
applications where tapped holes are 
needed in sheet-metal assemblies used 
in appliance and allied fields. Expan- 


sion nut is available in sizes from 14-20 
to 34-24 for hand or production fasten- 
ing operations. Two-piece assembly has 
floating nut held in  sheet-metal re- 
tainer having pre-formed tabs. Tabs fit 
into panel with pre-pierced square hole. 
Assembly is fed into square holes where 
arched retainer bars are straightened 
by a tool (illustrated at top) to lock 
nut in place. Can be attached without 
having to support panel. McLaughlin 
Co., 212 Jaikens Bldg., Birmingham, 
Mich. 589 


PLATE-CIRCUIT RELAY 


Small relay offers self-wiping contacts. 
Series 51C is for d-c operation only. 
Standard adjustment, 10 mw. Adjust- 


able 2-amp SPDT screw contacts. 
Variations: 5-amp contacts, military 
relays, coils to 20 k ohms available. 
Mounting: two 6-32 tapped holes. Kur- 
man Electric Co., 191 Newel St., 
Brooklyn 22, N.Y. >590 


PRESSURE TRANSDUCERS 

Variable reluctance sensing devices are 
made in 7 pressure ranges from 0-50 
to 0-5000 psi and in gage and differen- 
tial types. Type PDH-4 sensitivity is 
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Some Ideas 


A year of relentless testing has produced 
a small library of interesting facts about 
HERCULENE (T.M.) Drafting Film. 
What follows is a consensus of drafting- 
room experience with HERCULENE—by 
K&E and its customers—with some up-to- 
date recommendations for using it. Take 
the matter of... 


Shiny Back vs. Pencil Back 


A basic question is: do you need a double- 
surfaced drafting film? We make HERCU- 
LENE Drafting Film both ways, of course 
—with a single surface (shiny back) and 
double surface (pencil back). It’s our rec- 
ommendation that you use pencil back 
HERCULENE only if it’s your practice 
to make basic drawings on one side, 
changes on the other. For most other uses, 
shiny back is preferable. (At first, the 
double-surface film was chosen by many 
drafting rooms because it lay flatter on the 
board than shiny back. This is no longer 
true. K&E research labs have come up 
with a fully effective anti-curl treatment. ) 
Especially in filing, shiny back HERCU- 
LENE presents fewer problems. The clean 
non-abrasive back won't smudge the face 
of the sheet underneath, even in a heavy 
stack of tracings. If you'd like to compare 
a few sheets, please let us know. 


t 
— 


Note sharp clear lines made by Duralar pencil 
on HERCULENE Drafting Film. 


Plastic Pencliis and 
the HERCULENE Surface 

Not just a handy catch-phrase, when K&E 
puts its exclusive “engineered surface” on 
a drafting material, the result is an exact, 
uniform tooth for sharp pencil drawing, 
inking and typing. With HERCULENE 
Drafting Film, however, an entirely new 
type of plastic (non-graphite) pencil yields 
especially good results. Quite a few of our 
customers have reported favorably on the 
well-known Staedtler “Duralar” brand. 
Duralar pencils come in five hardnesses, 
are non-smudging and have generally good 
covering power, sharpness and erasabil- 
ity. After about 20 prints, the Duralar lines 
show up consistently better than those 
made by a regular pencil, since graphite 
lines tend to lose density. 
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Wet That Eraser! 


The erasing qualities of HERCULENE 
Drafting Film are excellent, but (as with 
the pencils) .we’ve discovered it’s a new 
type of vinyl eraser that gives the best 
results. Examples of these non-rubber type 
erasers are the Richard Best “TAD” and 
the Eberhard Faber “RACE KLEEN” — 
both available from your K&E dealer. 
With vinyl erasers, pencil lines whisk off. 
Even stubborn ink and typing can be re- 
moved easily, with no damage to the sur- 
face. Here’s a tip on how to do this: 


ne OE 


Moisten the eraser slightly. It becomes no 
more abrasive, but a lot more “erasive.” 
Moistening is a must when removing Du- 
ralar lines or typing after exposure to heat. 
(Incidentally, don’t use electric erasing 
machines, steel erasers or typewriter eras- 
ers.) When erasing large areas, certain 
chemical eradicators work fine too. Our 
suggestion: use Vythene or a very light 
application of a denatured alcohol such 
as Solox, both of which can be applied 
with a cotton swab or clean cloth. 


The Cleaner the Better 
HERCULENE Drafting Film was de- 
signed for ink work, and its ink take is 
unexcelled. But like all films, its non-ab- 
sorbency makes a few preparations ad- 
visable. The surface should be cleaned 
thoroughly before inking. Quickest and 
most effective way to do this is with the 
ABC Draftsman’s Dry-Clean pad, which 
will remove finger marks and “traffic film” 
simply by rubbing the pad over the sur- 
face. Pouncing will also work well. A 
damp cloth is all right for general clean- 
ing, but does not do the best job of pre- 
paring the surface for ink. 


for your file of practical information on drafting 
and reproduction from 
L_—_———— ——-~ KEUFFEL & ESSER CO.-————-—-—-—— 
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Inking over graphite pencil lines comes 
out best when done over light lines, drawn 
with a harder grade of pencil. A good way 
to remove excess graphite is to go over the 
drawing with an ABC pad. Inks vary in 
their usefulness on HERCULENE. We've 
tested several, and you’re welcome to these 
results as well, on request. 


After Typing, Please Pounce 


Typed impressions on HERCULENE 
Drafting Film are crisp and sharp, but 
may take a while to dry because the film’s 
surface doesn’t “swallow” ink readily. A 
light pouncing right after typing will dry 
the ink and fix the lines — giving you uni- 
form permanent contrast. 


A new typewriter ribbon will produce the 
best impressions. At K&E we've tested a 
healthy variety of ribbons and we'd be 
pleased to send you the results on request. 


Outstanding Advantages 
Proved in Tests 


We're pleasantly amazed at the short time 
it took for HERCULENE Drafting Film 
to become an accepted “staple” — along 
with ALBANENE® Tracing Paper and 
PHOENIX® Tracing Cloth. Actually, it’s 
a rare drafting room by now that has not 
tested HERCULENE during its first year 
on the market. The findings: All proper- 
ties considered, HERCULENE stands up 
better than any other drafting film. It has 
great resistance to heat, aging and abuse. 
Its exclusive “engineered surface” plus its 
tough, durable Mylar® base provide supe- 
rior pencil and ink take, fine erasability, 
remarkable dimensional stability...a com- 
bination we’re proud to call unbeatable! 


The K&E dealer near you has HERCU- 
LENE now. Stop in and see him. 
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like samples too, 
Name & Title 


Company & Address 


KEUFFEL & ESSER CO., Dept. EM-9, Hoboken, N. J. 


Please send further information about HERCULENE Drafting Film. I'd 
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MODEL 


A-19C 
en 
0-1288 
D-1 309 


D-1331 


MODEL 


D-1320 


C-10A 


INDUCTION GENERATORS 


402 East Gutierrez Street 


Santa Barbara, California MOTOR G EN ERATORS 


Telephone WOodiland 3116 


INDUCTION 
GENERATORS 


FREQUENCY PHASES TYPICAL 
OUTPUT OUTPUT | APPLICATION 





1 


High-Frequency 
pi Power Generator 
or 
Power 


Tachometer 


GENERATORS 


OUTPUT OUTPUT OUTPUT INPUT INPUT 
[22mm [ swans | samoem [>| amen | 
[are [ aowane| zoom | 1 | trem | 
Param | sow| oomem [1 | owen | 


2,000 cps 


2,000 cps 


Light Weight 

High Efficiency 

P.M. or E.M. Excitation 

Good Inherent Voltage Regulation 
Conforms to Applicable Mil Specs 
Rugged Construction 

Proved Reliability 

Class ‘‘H”’ Insulation 

High Frequency Power 

Wide Ratings 


vvvvovvvevvv 


Manufacturers of Electronic and Electro-Mechanical 
Equipment and Components. 


Circle 320 on page 17 
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100 mv per volt full scale with linearity 
of +1 per cent. Type PDH-4C has 50 
my sensitivity and is temperature-com- 
pensated to 0.01 per cent deg F. Input 
voltage at 400 cps, 10 volts optimum to 
24 volts a-c max. Impedance, 300 to 
1000 ohms; phase shift, 10 deg max; 
resolution, continuous. Units will with- 
stand differential overload of 150 deg 
full scale and line pressures to 10,000 
psi. Crescent Engineering & Research 
Co., 5440 North Peck Rd., El Monte, 
Calif. 591 


ADJUSTABLE 
LIMIT-SWITCH STOP 


Limit-switch stop, for servo and_in- 
strument uses, features a single ex- 
terior-range adjustment screw for 


adjustment to any angular rotation 
from 0 to 25 turns. Limit switches are 
actuated at either end of shaft travel 
prior to contact with non-locking limit 
stops. Torque capacity, 40 oz-in. at end 
stops. Size, 0.937 diam x 2-in. long 
overall. Meets MIL-E-5400 where ap- 
plicable. Precision Mechanisms Corp., 
577 Newbridge Ave., East Meadow, 
N. -®. —>592 


ADJUSTABLE-SPEED DRIVES 

Mechanical adjustable-speed drives are 
available in 14 to 25 hp and from 5 to 
41000 rpm. Polydyne drives operate on 
principle of V-belt-connected, adjust- 
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name your shape! 


The fabrication of precision parts of industrial ce- 
ramics is a specialized job...and STAR specializes 
in it! There is practically no limit to the variety of 
shapes we can turn out to meet your simple or 
intricate specifications precisely .. . economically. 
Select, too, from a wide variety of ceramic composi- 
tions. Sample, blueprint or sketch, with __ ....,,. 

details of operation will bring you | 

complete information. Write today. 


" STAR 


porcelain company, 34 Muirhead Avenue, Trenton 9, N.J. 
Circle 321 on page 17 


Have you discovered 
the new 


PRODUCT INDEX? 


It starts on page 356— just preceding the 
Index to Advertisers. 


This new Product Index answers a continu- 
ing need, expressed by many readers of ELEc- 
TRICAL MANUFACTURING, for a quick method of 
extracting information relating to any material, 
component or equipment discussed in either the 
editorial or advertising pages. 


The listing arrangement emphasizes brevity. onepe@ 
It follows the same library-based subject classi- | necisterco 
fication system which was originally developed een 
for the ExLectrica, MaNuracturinc Annotated pores 
Editorial Index. 


Get acquainted with this new reference tool. 


It can save time in your data researching. NATIONAL LOCK COMPANY 


FASTENER DIVISION ROCKFORD, ILLINOIS 
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PRECISION 


RESIS 


...-the Complete 
Line of Fiat and 
Stack Mounting 

Wire Wound, 

Power Resistors 


TYPE BRM MEDIUM 


€ 


TYPE BRS SMALL 


Available in Wattage Ratings 
from 10 to 75 W 

Resistance Range from .10 to 
100,000 Ohms 


These High Reliability Space-savers feature matched co- 
efficient of expansion with gray vitreous enamel covering for 
complete protection from overloads and environmental con- 
ditions. Aluminum thru-bracket improves heat 

dissipation, minimizes hot spots, allows a 

higher wattage rating per unit of space. 

Bracket construction facilitates stacking and 

saves additional space. 


For Complete Specifications and illustrated bulletin on H-H 
Blue Ribbon Resistors, call or write, today! 


Ga Li & 
RHEOSTATS 


Complete range 
from 25 to 1000 
watts. Shock resis- 
tant construction. 
High temperature 
enamel bonding 
withstands greater 
overload. 


The Mark of Quality since 1924 


' 

1 

1 

1 

1 Fixed, adjustable, 
' ferrule and axial 
' lead types for all 
; commercial and 
i military applica- 
' tions. Super-rugged- 
1 ized for complete 
1 reliability. 


ry 


HARDWICK, HINDLE -: INC 


40 HERMON ST., NEWARK 5, NEW JERSEY 


Cirde 323 on page 17 


able-pitch pulleys. Accessories include 
remote mechanical, remote _ electric 
and pneumatic-actuated controls. Gen- 
eral Electric Company, Schenectady 5, 


Ae € >593 


CABLE CONNECTOR 
BACKSHELLS 


Split shells provide additional termi- 
nating room at cable connector and 
cable clamping facility. Maximum 


cable stripback is increased to 5 in. 
Backshells may be used as _ potting 
enclosures. Backshells fit DPD and 
DPD-2 series 33 or 34 connectors 
and are available in 90-deg, 45-deg and 
straight-in configurations. Glenair, Inc., 
1211 Airway, Glendale, Calif. -—>594 


PRINTED-CIRCUIT RELAY 


Relay has side mounting for printed- 
circuit applications and is epoxy potted. 
Operating temperature range, —65 to 
+125 C. Standard units meet MIL-R- 


5757C and MIL-R-25018. Pull-in time, 
7.5 millisec max; drop-out time, 4 
millisee max. Relay contact rating, 2 
amp resistive at 26.5 volts d-c. Contact 
arrangement, DPDT. Coils available 
from 4.3 to 108 volts d-c. Electronic 
Components, subsidiary of Telecomput- 
ing Corp., 12838 Saticoy St., No. Holly- 
wood, Calif. —>595 


ENCAPSULATING 
EPOXY SHELLS 


Epoxide resin shells will encapsulate 
many types of components. Available 
holes and leads facilitate assembling 
operations on winding forms. Sealing 
accomplished with liquid epoxy resin 
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“Powrized” efficiency . . 
through experience-proved ap- 
plication of Royal's big line of 
stock molds for caps, connec- 
tors, strain reliefs... or with 
correctly engineered special 
designs to meet special 
conditions. 


“Powrized’”’ dependability 

. by employing the right 

wa SS Be 4 combination of materials 

complete Mans A ao este Sen (rubber, neoprene, plastics); 

data on Oe i | : and the right wire making, 

® molding and assembly tech- 

MINIATURE AGASTAT ' niques to insure end-to-end 
’ cord quality. 


time /delay/relays 


“Powrized’’ assembly ease 


; p . with dimensions custom- 
This free folder contains complete specs on 24 models of 


the miniature AGASTAT Time Delay Relay for missile, oH ae oe : _— 
aircraft, computer, electronic and industrial applications. ing = wage pu 7 _ een 
They’re small as 1-13/16” x 4-7/16” x 114”, with adjust- | eneets ..... eat conductor cade 
able timing ranges starting at .030 and as high as 120 stripped, tinned or with ter- 
seconds. j minals — ready for speedy 
The folder gives operating and environmental specs, assembly. 
coil data, contact capacities, dimensions, diagrams of con- 
tact and wiring arrangements. Write: Dept. 433-921. 


iN 
nua’ PT Meat) ies PERFORMANCE WITH 


ELASTIC STOP NUT CORPORATION OF AMERICA EA de 
Elizabeth, New Jersey 


Circle 324 on page 17 


ROVAL CORD SET. 
& . 
“Powrized” merchandising 
values . . . your trademark 
molded-in on caps or connec- 


tors... cords surface-marked 
headless slotted 1 | with your brand name... spe- 
cial designs of attachments or 
strain reliefs, styled to coor- 


dinate with your product . 
also matching cord set colors. 


; All these product - protecting 
j values come with a “Powr- 
ized” Royal Cord Set. Our 


representative will give you 
details. 





Moore will meet your requirements 


for quality, price, and delivery | ROYAL ELECTRIC CORPORATION 


+ 
Here are miniature set screws made to the accuracy and | PAWTUCKET RHODE ISLAND 
quality which have built Moore’s reputation for depend- In California: 
ability. Hardness, threads, and sizes are quality controlled | Electric Cords & Supply Corp., 
to assure precision uniformity. 413 East 3rd St., Los Angeles 13 
Use Moore Miniature Set Screws . . . a fast, dependable 
source for one or a million. Available in #0 (prices on 


application), #1, #2, #3, #4 sizes in a wide selection of 
materials, finishes, lengths and points. 


Moore prices are right . . . send for 
detailed price catalog 


‘ol e):3 2m George W. Moore, Inc. 


since 1880 
5) 9 1.14 8) 85 Beaver St., Waltham 54, Mass. 


-@n associate of 


SEPTEMBER 1959 Circle 325 on page 17 Circle 326 on page 17 





DESIGNS | 


TMU MY 112: 


CONSTANT SPEED — Hi-Lo Auto- 
matic Pulleys employ an exclusive 
cam and cam follower assembly to 
maintain desired speed ratio over 
a wide range of load variation. They 
provide high shock absorbency 
against sudden changes and elimi- 
nate “drag” due to temporary over- 
load. Sizes: 3% to 5 hp. at 1750 rpm. 
Speed ratios: 1.75 up to 2.6 to 1. 
Request Bulletin A458. 


HIGH RATIO — Hi-Lo Hi-Ratio Pul- 
leys provide an extremely wide 
range of speeds for constant speed 
motors up to 1 hp. Double variable 
pitch feature automatically adjusts 
driver and driven belt speeds in ac- 
cordance with distance from motor. 
Sizes and speed ratios: fractional to 
l4-hp. model up to 6 to 1, fractional 
to 1-hp. model up to 7% to 1. Re- 
quest Bulletin B455-2. 


ECONOMY — Hi-Lo FHP Pulleys are 
low cost, high quality, compact units. 
They feature exclusive Hi-Lo cam 
design for positive speed control over 
a wide range of load variation. Avail- 
able in three sizes: 2, % and 1 hp. 
Speed ratios: 2 to 1 for 

4 and 3/4,-hp. models, 

2% to 1 for 1-hp. 

model. Request 

Bulletin C458. 


Give application de- 
tails for specific infor- 
mation. Ask for prices. 


Nationally Distributed By 
LOVEJOY FLEXIBLE 
COUPLING COMPANY 
4952H West Lake St. 
Chicago 44, lil. 
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matching shell material. Shells operate 
to 150 C max. Dielectric constant, 3.70 
at 60 cps with loss factor of 0.009. 
Tubular or rectangular shapes or var- 
ious colors may be ordered. Thor Cer- 
amics, Inc., Dept. K, 225 Belleville Ave., 


Bloomfield, N. J. —>596 


ELECTRICAL STEEL GRADE 


Armco Oriented M-5 is available with 
a core-loss limit of 0.58 watts per lb 
when tested under standard conditions 
of 15 kilogauss and 60 cps. Improve- 
ment in core loss is almost 10 per cent 


compared to M-6, previously the best | 
commercially available grade. Grade | 
M-5 steel is produced in 12-mil thick- | 
ness and in coils from ¥%- to 3l-in. | 


wide. Insulations can be natural-an- 
nealing oxide for wound-distribution 
transformer cores or thin, high-resistiv- 
ity Carlite for cores of stacked power 
transformers. Armco Steel Corp., Mid- 
dletown, Ohio. —>597 


NYLON SCREWS 


Molded nylon machine screws are 
available in choice of five commercial 
head types: binding, round _filister, 


flat and washer. Choice of Phillips or 


slotted head. Sizes range from No. | 


4-40 to 14-20 in all standard lengths 
to 1 in. Richco Plastic Co., 4445 W. 
Fullerton Ave., Chicago, III. ->598 


(Continued on page 332) 


ALWAYS SPECIFY 


TOLEDO 


COMMUTATORS 
AND 
COLLECTOR RINGS 


for top quality 


Always specify TOLEDO for one cr a 
million top quality commutators and 
collector rings . . . and be assured of 
prompt delivery. Quality control... 
top workmanship . . . combined with 
the highest quality raw materials .. . 
are your assurance that each commu- 
tator .. . each collector ring .. . is 
produced to the highest standards of 
uniform excellence. Call Toledo Com- 
mutator Co. for quality commutators 
and collector rings . . . delivered 
quickly to your plant to save you time 
. .. to save you money. Write today 
for Catalog No. 65. 


toledo 


commutator co. 


OWOSSO 6, MICHIGAN 
quality products since 1895 


Circle 328 on page 17 





Nickelectric News 


DEVELOPMENTS 


Inconel brushes hold carbon electrodes, help this 
airborne searchlight light up. Product of Arma 
Division, American Bosch Arma Corporation. 


New Airborne Searchlight 
.-» Radiant heat from its 5000° F 


arc is no problem for Inconel 


GARDEN City, N. Y. This new Arma 
airborne searchlight generates 130 
million candlepower — more than the 
total light from a million automobile 
headlamps. It burns 15 minutes at a 
time, instead of the 30-60 seconds of 
existing aircraft searchlights. 

The carbon arc reaches temperatures 
of 5000° F or more. Away from the arc, 
temperatures drop off rapidly but cer- 
tain parts of the searchlight must 
operate in intense heat. So the elec- 
trode brushes (see drawing) are made 
of Inconel* nickel-chromium alloy to 
withstand this heat, electrode abrasion, 
oxidation, and creep for hundreds of 
lighting cycles. 

Where you design parts to resist 
high-temperature stress, fatigue, cor- 
rosion, Inconel alloy is an excellent 
material choice. In very high tempera- 
tures (such as springs used at 1100° F) 
Inconel “X” age-hardenable nickel- 
chromium alloy is successfully used. 
Both alloys are strong, ductile, are 
readily formed and welded. 

Pertinent Literature: Write for Bulletin 
T-7, “Engineering Properties of Inconel 
and Inconel ‘X’.”’ Circle 329 on pege 17 
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New G-E Electrolytic Capacitor Mesteent Grade 
“A’'* Nickel lead wires help make it rugged. 


e 
Small, rugged capacitor 
..- Nickel leads boost its strength 
Hupson FALL, N. Y. The new Solid 
Tantalytic® capacitor is designed for 
low voltage circuits — its capacitance 
changes not more than 20% from 
+85°C down to —80°C. General Elec- 


4. 


INCO. 


TRADE MARK 
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IN NICKEL AND NICKEL ALLOYS AND THEIR 


APPLICATIONS 


3 Inco Nickel Alloys help a 
build high reliability into 


aircraft fire detector 


... Protect sensing salts for repeated warning service 


ASHLAND, Mass. An aircraft fire de- 
tection system made by Fenwall, Inc., 
features radically improved accuracy 
and reliability for flight safety. It 
eliminates false alarms from moisture 
and averaging, gives continuous detec- 
tion along whole sensing element loop, 
contains no moving parts. 


INCONEL ALLOY SHEATHING 


ELECTRONIC GRADE 
“A” NICKEL WIRE 


SALT COMPOUND & INSULATION 


Section of detection element 


The sensing element consists of a 
strong, flexible Inconel* nickel-chrom- 
ium-iron alloy tube with a wire of 
Electronic Grade “A”* Nickel at its 
center. The space between is filled with 
an inorganic salt. (See drawing above.) 
The element is connected to a signal 
amplifying control unit. 

Overheat at any point along the ele- 
ment, or spread over many feet of its 
length, causes the salt’s electrical re- 
sistance to drop sharply. The element’s 
electrical current flow changes, trig- 
gers an alarm. System returns to 
standby condition when overheat con- 
dition is corrected. 


tric designers gave it unusual resist- 
ance to mechanical shock with Elec- 
tronic grade “A”* Nickel lead wires. 
They chose Nickel for three good rea- 
sons: (1) welds easily — high thermal 
coefficient of electrical resistivity aids 
quick, strong spot welding, (2) solders 
easily — speeds hermetic sealing, and 
assembly into circuits, (3) meets strin- 
gent mechanical specifications — leads 
0.0201” diameter) withstand 30 sec- 
ond pull test of 3 pounds, four 90° 
alternate bends. ® General Electric Co, 


Pertinent Literature: Write for ‘*Tech- 
nical Bulletin T-15.” Circle 330 on p. 17 


HUNTINGTON ALLOY PRODUCTS DIVISION 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 


Designers at Fenwall needed a flexi- 
ble sensing element tube — of a metal 
that resists fire, fatigue, oxidation, pro- 
tects sensing element salts for life of 
the airplane. They chose Inconel alloy. 
(Note sensing element in photo below.) 
The core wire requires good electrical 
conductivity, plus all the tube’s prop- 
erties, so designers chose Electronic 
Grade “A” Nickel. And for the element 


This fire and overheatdetection element, enclosed 
in Inconel tube, is so flexible it can be twisted 
like a helical spring and still stay serviceable. 


spring mounting clips, they chose Inco- 
nel “X’’* non-magnetic, age-hardenable 
nickel-chromium-iron alloy. Inconel 
“X” clips retain springiness even at 
elevated temperatures. 

Pertinent Literature: Write. for “Nickel 


Alloys for Electronic Uses.” 
Circle 331 on page 17 


Monel “403” alloy has 
low permeability plus 
advantages of Monel alloy 


Monel “403”* alloy is comparable to 
Monel* nickel-copper alloy itself, ex- 
cept that it provides a low magnetic 
permeability. Typical permeability is 
1.004 at room temperature, 200 oersted 
field strength: permeability will not 
exceed 1.1 at 27° F in 0.5 oersted field. 
Like Monel alloy, Monel “403” alloy is 
easy to form, machine, weld, braze, 
solder. Also important, it retains low 
permeability during cold working. 
Pertinent Literature: Write for “Basic 
Data — Monel ‘403’ Alloy.” 
Trademark, The International Nickel Co., Inc 

Circle 332 on page 17 
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FOR HIGH SPEED FABRICATION 


jj ™ |NSUROK: 
Free-Machining, Laminated, 


Rolled Tubes Meet Mil-P-79B and Federal L-L-31 





INSUROK MILITARY FEDERAL 
GRADE SPECIFICATIONS SPECIFICATIONS 





Mil-P-79B, L-L-31, 

Type PBM, Form TR Type 1, Grade X 
Mil-P-79B, L-L-31, 

Type PBG, Form TR Type 1, Grade XX 


T-300 and T-301—two new, improved grades of INSUROK paper base, lam- 
inated tubes are distinguished by their excellent FREE MACHINING charac- 
teristics. They do not chip or delaminate when fabricated. Having good 
dielectric properties and uniform appearance, these light colored INSUROK 
tubes are suited to any fabricating operation. You can machine INSUROK 
T-300 and T-301 at top operating speeds. 

For your electrical and mechanical applications you are offered a wide 
choice of tube sizes in these new grades: 

e Inside diameters up to 12 inches e Wall thicknesses up to 2 inches 


CHARACTERISTIC PROPERTY COMPARISON 


NEMA XX T-301 
CHARACTERISTIC PROPERTIES REQUIREMENTS TYPICAL VALUES 


Test Samples From 1” x 114” Tubes 
Water Absorption 2% maximum 1% 
Density (grams per CM?) 1.12 minimum 1.25 


Dielectric Strength 290 volts/mil. 400 volts/mil. 
(perpendicular to laminations) minimum 


Richardson offers a complete line of INSUROK laminated grades in sheets, 
rods and tubes . . . also provides complete fabrication service at its Melrose 
Park, Illinois and New Brunswick, New Jersey plants. 

For full information on INSUROK T-300 and T-301, write direct or con- 
tact sales offices in principal cities. 


the RICHARDSON COMPANY | 


LAMINATED AND MOLDED PLASTICS Founded 1858 | 
2799 LAKE STREET © MELROSE PARK, ILLINOIS © SALES OFFICES IN PRINCIPAL CITIES 
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KEY-OPERATED 
MOTOR STARTER 


Manual fhp motor starter will fit any 
standard single-gang outlet box and 


(i). 
«teem 


may be furnished with neon indicating 
light. Single-phase 115/230-volt starter 
Series 100 can be furnished in single- 
or double-pole design. One key fits all 
key-operated forms. Heater plugs in 
from front of starter. General Electric 
Co., Schenectady 5, N. Y. >599 


MEDIUM-POWER 
ZENER DIODE 


Medium-power, double-anode — silicon 
zener diode for clipping, pulse form- 
ing and voltage regulating applications 


has zener voltages from 715 to 35 
volts. Stainless steel cases 0.290 x 
0.250 in. diam. Temperature coefficients 
from 0.038 to 0.066 per cent per deg 
C. U. S. Semiconductor Products, Inc., 
3540 West Osborn Road, Phoenix, 
Ariz. ->600 


JUNCTION-TERMINAL 
BUSHINGS 


Accordion-type bushings snap into 
curved and flat surfaces. Nylon-insu- 
lated receptacles mate with 46 and 14 
in. standard disconnect terminals. 
Bushings are available as single or 
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SPOT-LITE 


(Pot. Pending) 


INDICATING RELAY | 


SPOTS CIRCUIT 
FUNCTION INSTANTLY! 


the ONLY Complete 
Line of Relays 

with Built-in 
Indicator Lamp 


CIRCUIT CONDITIONS CAN BE SEEN AT A 
GLANCE, PARTICULARLY WHERE NUMEROUS 
RELAYS ARE EMPLOYED 

SAVES PANEL SPACE 

REDUCES COSTLY LABOR 

AVAILABLE IN ALL STANDARD COIL VOLTAGES 
COLORED STYRENE CASES AVAILABLE FOR 
CIRCUIT IDENTIFICATION 


DIMENSIONS: 
13% x 1% x 2Y%e high 
CONTACTS 
Up to 3 P.D.T. — 5 Amps. 115V 60C non-inductive 


10 and 15 Amps on request 
Also available in metal cases 


aii hahahah COMPANY 


SJ IEBIINNI a gearorrek rae <1 
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Called “FOPS” By Every User! 





STILL-MAN 
ELECTRIC TUBULAR 
HEATING ELEMENTS 


*& TOP PERFORMERS 
* TOP QUALITY 
%* TOP WORKMANSHIP 


at LOW COST TO YOU! = .6 
a—s for application wherever space limitations, 
long life, fast heat and high efficiency are factors 
in design. 

Millions are now in use as standard equipment in 
America's leading nationally advertised electrical 
appliances. 

Available in copper, cold rolled steel and acid 
resisting steel alloy in standard sheath diameters tor 
casting-in or immersion use. When writing, specify 
use, wattage and maximum temperature require- 


ments. An inquiry, NOW, will prove profitable to 
youl 


STILL-MAN MANUFACTURING CORP. 
431 EAST 164 ST., NEW YORK 56, N.Y. 
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GREATER 
SAVINGS 
FOR YOU! 


Purchase of another building and in- 
stallation of the newest and finest 
contact manufacturing equipment 
means that Deringer can continue to 
give you the highest quality in even 
greater volume and, of course, com- 
petitively priced. 


Especially important are expanded 
facilities for producing welded contact 
assemblies, balls, various unusual 
shapes and silver cadmium oxide 
contacts. 


QUALITY, DELIVERY and PRICE 


Now standard and special contacts 
can be made to very close tolerances 
and at speeds which make even faster 
delivery possible and at lower cost too! 


FOR GENERAL 
INFORMATION: 


Write for these 
contact catalogs. 


FOR SPECIFIC INFORMATION: 


Submit complete specifications of your 
part, tolerances, material, application. 


METALLURGICAL CORPORATION 


8119 MONTICELLO AVE., SKOKIE. ILL. 
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flexibly connected groups up to five 
and are number-coded; also available 
color-coded. Junction-terminal — bush- 
ings provide quick-disconnect access 
through housings. Heyman Manufac- 


PRACTICAL INSTRUMENTS FOR RELIABLE, 
LOW-COST MONITORING AND CONTROL OF 
ANY ELECTRICALLY MEASURABLE VARIABLE 


THE A.P.I. METER-RELAY 


Extremely sensitive and highly accurate, the versatile A.P.I. 
meter-relay offers low-cost monitoring and control for an amaz- 
ing diversity of applications. It will operate on very small micro- 
ampere or millivolt signals, can be used directly with such 
sensing elements as strain gages, thermocouples, photocells, dif- 
ferential transformers. In fact, you can use it with any electrically 
measurable variable. 

Wherever you use it, you will get reliable performance. A 
unique locking-coil design assures positive contact pressure on 
every operation — even after as many as 10,000,000 make-break 
cycles. By greatly increasing the torque developed in the 
D’Arsonval movement, the locking coil drives the indicator and 
adjustable set-point contacts together and holds them firmly. An 
inherent wiping action keeps the contacts cleanly conductive, and 
a spring-loaded contact arm provides forceful, decisive break- 
contact upon reset. 

Available in a wide variety of standard and ruggedized models, 
A.P.I. meter-relays are dependably doing thousands of jobs for 
industry, from quality-control checking to radiation-level control. 
Quite possibly they can serve you, too. For complete informa- 
tion, send for Catalog 4E. 


ASSEMBLY PRODUCTS, INC. 


Chesterland 14, Ohio 


S.A. 1692 
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turing Co., 1200 Michigan Ave., Kenil- 
worth, N. J. 601 


SOLID-STATE SERVO 
AMPLIFIER 


Amplifier will drive either 3.5- or 6- 
watt servo motors from 400 cps signal. 
Model 130, maximum gain 2000 (ad- 


justed by external resistor); gain 
stability, 3 db over temperature range; 
input impedance, 100 k. Isolated input 
and internal limiting. Operates on 28 
volts d-c with internal protection against 
line transients. Meets MIL-E-5272 en- 
vironmental requirements. Other types 
available. Control Technology Co., 


1186 Bdwy., New York, N.Y. 602 


EYELETS MADE FROM TUBING 


Tubular eyelets in sizes up to %-in. 
OD and any desired length are for 
clamping components of an assembly 


together and providing a method of 
mounting assembly. Eyelets can be 
made from almost any metal. Rolled, 
flared or beaded ends can be supplied. 


H & H Machine Co., Inc., Noble and 
Jackson Sts., Norristown, Pa. 603 


FLUOROCARBON 

BONDING SOLUTION 

Solution makes materials such as 
Teflon or Kel-F bondable with no 


effect on electrical properties of mate- 
rials down to 0.0005-in. thick. Fluoro- 
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” que man op quauty | 
| can you use this 


lat miniature d-c motor 
AOL) 
in your product ? 


INCHES 


inexpensive, yet high in 
quality, this compact governed d-c motor is available in 
speeds from 1500 to 5000 rpm. Designed to operate over 
a voltage range of about 4 to 30 volts d-c, it is ideally 
suited for many applications such as: drive mechanisms 
in photographic equipment. . . marine navigation equip- 
ment . . . portable dictating machines . . . signal-seeking 
radios .. . tape players . . . and many types of portable 
instruments. Is this the answer to your design problem, too? 


WRITE FOR BULLETIN F-8792 for specifications and 
performance data. 


BARBER-COLMAN COMPANY 


Dept. U, 1803 Rock Street, Rockford, Illinois 
Circle 338 on page 17 
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AC 
temperature 


KANTHAL SUPER 


Unique molybdenum disilicide furnace 
elements outlast silicon carbide at least 
four to one above 2700°F, saving sub- 
stantially on down-time. For continu- 
ous or intermittent operation in oxidiz- 
ing and most protective atmospheres. 
Elements operate to 3100°F (1700°C) 
when freely suspended or to 2900°F 
(1600°C) when supported horizontally. 


Kanthal Super does not age, and tem- 
peratures can be held without com- 
pensating adjustments. 


Kanthal Super elements are available 
separately and in furnaces from all 
prominent manufacturers. Write for 
list and brochure today. 


3 Amelia Pl., Stamford, Conn. 
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Electrix 


ae 


Greater 


Holding Power! 


tortie 
More Uniform 


PW bite etl ba 


Careful engineering and strict quality controls give 
ELECTRIX Terminals greater holding power in use. 


ELECTRIX Terminals meet and surpass rigid elec- 
trical and physical characteristic tests. Tolerances, 
especially at critical crimping points, are precisely 
uniform. Supplied in continuous strip form for use 
in dependable Electrix Automatic Attaching 
Machines, Electrix Terminals offer easier, more 
economical assembly. 


Electrix competitive prices 
save you money. 


Extremely wide range of types, sizes and finishes. 


Write for free catalog. 


ASHTON 


RHODE ISLAND 
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Bond makes materials bondable in 15 
sec max by either dipping, brushing or 


The Design Equation spray methods. Solution available in 


pint, quart, gallon and 5 gallon con- 


ae a een y - tainers. Joclin Manufacturing Co., 
| fallingford, Conn. >604 
Use easy-to-install, Wallingfor« onn 60 


economical National 
Retaining Rings to NA I I © NA || 4 4 INTEGRAL-HP FAN MOTOR 


locate and position 
Air-Over fan motors in ratings from 


bearings or parts on t 
pins, shafts and in : 1 to 125 hp are designed for oper- 
ation in air-moving installations where 


housings. Eliminate 


grinding or machining ae i N G a motor drives propeller or axial-flow 
shaft stock to form 


shoulders. You save 
time and material 


and reduce weight : = improved design 


and space require- 


ments. Ask for data + economy | 


on your specific 
application, today! 


the new NATIONAL way 


ALL TYPES AND FINISHES AVAILABLE—National rings are supplied 

in square, round and rectangular types of carbon spring steel, bronze, ; ; 3 
beryllium-copper, stainless steel and aluminum in a wide selection fan. Motor is cooled by circulated air. 
of finishes. Send drawings or sample part for recommendations, With foot or flange mountings, totally 


enclosed and explosion-proof. Suitable 
The ee tage COMPANY for vertical or horizontal mounting. 


is Allis C 27 E. Stewart St., 
NEWARK 5, NEW JERSEY e MILWAUKEE 2, WISCONSIN Louis Allis Co., 427 E. Stewart St 
Circle 341 on page 17 Milwaukee 1, Wis. >605 


SHAFT-LOCKING DEVICES 


Bushing-mounted controls with 14-32 
or %g-32 threaded bushings may be 
locked by any of a series of shaftlocks 
and tapered, acorn and jam nuts. Lock- 
ing devices are used for mounting and 
providing locking shafts for potentio- 
meters, switches, condensers, etc. Ma- 
terials: brass, plated to government 
specifications. Waters Manufacturing 
Inc., Wayland, Mass. 606 


WHEN MAKING Laboratory and Engineering Equip- 
' ment on page 338. 
CONNECTIONS! 


Postcard return forms are provided 


WOR OED RUM LC) LMC een Les on page 17 as a convenience to the 
of equipment that do not have matching connectors? ee em 


New Components and Materials 
Additional data from the supplier 
. of é i e revie ea, 
Switchcraft has the answer. We have developed and produced a ee eae 
large line of Adapters. By using a Standard Switchcraft Adapter you will Literature for the Design 


; Ae - : . . Engineer 
save time, eliminate “make-shift’” connections and provide a neat job. ; 
’ oneaiaiaa °° = =. A copy of any manufacturer’s 


Check with your Switchcraft Electronic Parts Distributor or write for publication reviewed. 
Catalogs S-58 and S-590. 


Feature Article Reprints 
Single copies of selected feature 
5539 N. Elston Ave. articles, 
Chicago 30, Ill. 
Advertised Products 


Canadian Rep.: Atlas Radio Corp., Ltd., 50 Wingold Avenue, Toronto, Ontario More information on any product 


or service described. 
AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS e@ 
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PHOTO BY KARSH OF OTTAWA 


“Supplier reliability is a must 
to sound product development” sniccoi eo Smit cor 


“We count Sharon Steel as one of our most dependable suppliers, and this is extremely important to 
a development engineer,” says R. W. Swank, Manager of Research and Development of service station 
pumps in the Smith-Erie Division of A. O. Smith Corp. 

Shown here with P. R. Fishburn, Manager of Manufacturing, Swank points out “If we can design 
with the knowledge that we need not be concerned about material analysis variation, our jobs are made 
that much easier. We’ve found we can expect this kind of supplier reliability from the Sharon Steel 
Corporation, Sharon, Pa.” 


SHARON O-44 STEEL 
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TRANSISTORIZED 


CHOPPERS 


INERTIALESS Elie LINEAR 
LOW POWER RUGGED HIGH SPEED 
LOW LEVEL LONG LIFE atime aaa 0a 0a 


SO LAU 
LIGHTWEIGHT 
eae et 


ate: 


50 | 60 
Germanium Germanium 


Temperature Range: | —55° C, to +85° C| —55° Cto +90°C| —55° C to 

+ 130° C 
Sq. Wave Drive Volt.:| 1 to 10v. p-p 1 to 15 v. p-p 5 to 20 v. p-p 
DC Input Voltage: | to 12 v to 15v to 20 v 
Chopping Freq.: DC to 100 kcps DC to 100 kcps DC to 200 kcps 
Alpha Cutoff Freq.: | 900 kilocycles One megacycle 5 megacycles 
Temperature Drift: | 04% per °C 02% per °C 03% per °C 
Random Noise: 25uv rms 10uv rms 50uv rms 


Weight: 3 grams 1 gram 2 grams 


DESCRIPTION 

The transistor chopper (or modulator) is a solidly encapsuled unit designed to alter- 
nately connect and disconnect a load from a signal source. It may also be used as a 
demodulator to convert an a.c. signal to d.c. It is capable of linearly switching or 
chopping voltages over a wide dynamic range which extends down to a fraction of a 
millivolt and up to 10 volts. Unlike mechanical choppers which can only be designed 
to operate over a narrow and comparatively low frequency range due to mechanical 
limitations, this transistorized chopper is an inertialess device that can be driven from 
d.c. to hundreds of kilocycles. 

The switching circuitry used operates the transistors in a manner which provides 
stability and freedom from drift over a wide temperature range. Only carefully selected 
transistors are utilized. 

The noise figure of the transistor chopper is competitive with mechanical choppers for 
many uses. Furthermore, the noise level will not increase with usage. 

This unit is practically immune to the effects of shock and vibration making it ideal 
for military, missile, and portable applications; or where power conservation, miniaturi- 
zation and elimination or maintenance are a necessity. The transistor chopper has an 
inherently long life and is not subject to contact bounce, wear, pitting or burning. 


TYPICAL APPLICATIONS 


Chopper (modulator). 

Demodulator. 

Low, medium level switching. 

D.C. amplifier stabilization. 

High speed servomechanisms. 

Replace less sensitive diode modulators. 
Thermocouple instrumentation. 

Low, medium level D.C. instruments. 


Low level commutators for telemetering. 
Carrier for lower frequency signals. 
Digital meters. 

Portable equipment. 

Low power source equipment. 

Minimum maintenance equipment. 
Multiplex switching equipment. 


SQUARE wave 
OMVE VOLTAGE 


' 


JUL 
CHOPPED OC 
Output 


v 


PEAK-TO-PEAK 
OUTPUT VOLTAGE 


DC INPUT VOLTAGE 


SOLID STATE ELECTRONICS CO. 


8158 ORION AVE., VAN NUYS, CALIF © oh Bee Oe 
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Laboratory 


and 
Engineering 
Equipment 


THERMOELECTRIC TEST KIT 


Model E-8 test kit contains assembled 
heat pump, four extra p-type semi- 
conductor elements and four extra 
n-type elements. Manual with kit con- 


tains instructions, suggested experi- 
ments, and construction suggestions 
for heat pumps of operator’s own de- 
sign. Kit may be used for judging 
feasibility of thermoelectric heat 
pumps for various cooling, heat-trans- 
fer and temperature-control problems. 
Minnesota Mining and Manufacturing 
Company, 900 Bush Ave., St. Paul 6, 
Minn. ->607 


SMALL PLASMA GENERATOR 


High-temperature source, ranging from 
2500 to 12,000 F, is powered by a 
standard welding generator. May be 
used to flame-spray refractory oxides 
and ceramics onto other materials to 
increase their refractory properties. 
Also for materials testing and spectro- 
scopic studies. Unit can be fired into 
vacuum or pressure chamber without 
major modification. In flame spraying, 
material is fed as powder into flame, 
becomes liquid and is hurled in fine. 
spherical droplets against surface to 
be plated. Slightly porous coating is 
deposited which improves specimen’s 
surface thermal insulating properties 
and resistance to thermal — shock. 
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Plasma jet operates from standard 
welding generator, using commercial 
bottled gas such as argon, nitrogen or 
helium and tap water for cooling. 
Basically, unit is a high-intensity 
electric arc consisting of water-cooled 
tungsten cathode and copper anode. 
Jet can be varied by changing nozzles 
which are available in 0.25 to 0.50 in. 
ID; standard nozzle, 0.375 ID. Unit 
can be equipped with pistol grip 
handle for are plasma flame cutting 
and other applications. Larger plasma 
generators to be made available can 
also be adapted for use in arc-heated 
wind tunnels. Avco Research and 
Advanced Development Div., 201 
Lowell St.. Wilmington, Mass. ->608 


TRANSISTOR BREADBOARD 


Breadboard unit is used for rapid 
set-up of design circuits to evaluate 
characteristics of transistors. Model 
TB-1 unit has seven meters for viewing 
all current and voltage values at once. 
With snap-type terminals on assorted 
lengths of jumper leads, capacitance 


and resistor substitution boxes. Tran- 
sistor characteristics which may be 
evaluated by breadboard units are: 
frequency response and current gain, 
input and output impedances, cascad- 
ing, optimum class of amplifier opera- 
tion, linearity or distortion and stabili- 
zation. Four 100 ya-movement meters 
used for voltages V,,, Vz., Vy, and 
Ve, Three 100 ya-movement meters 
for currents /,, 1, and /,. Substitution 
units: six resistance units, 15 ohms to 
10 megohms range. Four capacitance 
units, 0.0001 to 0.22 yf. Abrams In- 
strument Corp., 606 E. Shiawassee St., 
Lansing 1, Mich. A) 


X-Y PLOTTER 


Pushbutton-operated plotter Model 210 
offers immediate scale switching by 
pushbutton methods with vernier con- 
trol permitting scale expansion to next 
setting. Operator may expand between 
scale voltages to fill entire plot area. 
Static accuracy, +0.1 per cent of full 
scale; dynamic accuracy, +0.2 per 
cent of full scale at 10 ips tracing 
speed. With vacuum paper-hold-down. 

(Continued on page 340) 
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100— | —55°C 
30KV | +85°C 
600— |; —55°C | 02% nom 
20KV | +70°C | 1KC 
001— |100— | —55°C 
20MF |30KV | +200°C 
.0001—j 100— | —55°C +500 
20MF |60KV | +125°C PPM 


| ALSO MANUFACTURERS OF: 


LOW CURRENT 
POWER SUPPLIES 
2 KVDC—30 KVDC 


METALLIZED 
PAPER & MYLAR 
CAPACITORS 
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Control Unit, Cable and 
Proximity Pickup 
Patents pending. 


Ms 


Solve your metal control problems 
with this low cost proximity pickup are 


Compare these advantages over other proximity devices 


¢ Detects ferrous and non-ferrous metals « Sensitive Mra 


to tin foil * Control Unit can be located 50 feet or more 

from pickup ¢ Replacement cost only $13.50 « Pickups 

sealed against water and oil * Meets JIC requirements. by near Nyy 

Variety of models for detecting metal objects at clear- 

ances over six inches; also Hollow Coil Pickups for 

detecting and counting small metal parts. 60 aa: 
Control Unit contains relay output for direct opera- 

tion of motor controls, solenoids and electric counters. 


e 
Write or Phone for Bulletin and Name of Nearest Field Engineer AC Ge 
7 ELECTRO PRODUCTS LABORATORIES 
Electro 4501-M Ravenswood, Chicago 40, Ill., LOngbeach 1-1707 
Canada: Atlas Radio Ltd., Toronto 
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LOOK TO TOBE FOR PROGRESS 


Tobe 

filter systems 
Strengthen 
nation’s defenses 
in far north 


This is one of several filter cabinets 
that Tobe is supplying for installa- 
tion at an early warning radar line 
in Northern Canada. The single 
filter shown at the left is typical of 
the nine different types — used in 
combinations of 16 to 200 filters per 
cabinet—that make up a Tobe filter 
system for the line. 


The rigors of long-range transport- 
ing, and the severe environmental 
conditions encountered at the re- 
mote bases require that these filters 
and rf barrier cabinets (Tobe sup- 
plies both) be sturdy, reliable and 
long-lasting. But these are not the 
only reasons why Tobe was chosen 


specify 


for the job. Tobe also supplies some- 
thing not listed in the specs...crea- 
tive engineering. For example, here 
in one cabinet, Tobe packages multi- 
circuit filters that range in voltage 
from 120 to 4160 VAC. 


Creative engineering goes into every 
Tobe product, from the smallest 
Filterette to the largest thermonu- 
clear condenser. Don’t settle for 
anything less on your next filtering 
assignment. Talk to Tobe today for 
technical information and engineer- 
ing aid...creative engineering aid. 
Tobe Deutschmann Corporation, 
Norwood, Massachusetts. 


PRODUCTS 


TOBE DEUTSCHMANN - CONDENSER PIONEERS SINCE 1922 
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Separate switching circuit for X and 
Y reference permits translation of 
origin to any position in plot area. 
Isolated inputs provided between 
channels and ground. Plotter will oper- 
ate in horizontal or vertical position. 
Available as 19-in. rack mount or 
table units. Plotter accommodates ac- 
cessory equipment including decimal 
keyboard, X-axis time drive, punched- 
punched-tape conversion 
curve follower, — point 


card and 
equipment, 
joiner, multiple-symbol printing head, 
roll-paper adaptor, —_chart-recorder 
adaptor, log-input adaptor and_back- 
lighted platen. Librascope, Inc., Glen- 


dale, Calif. >610 


TRANSISTOR TESTOR 

Transistor quality and performance 
may be determined through direct 
meter readout with portable transistor 
test set. hybrid 
parameter Beta input impedance and 


Measurement of 


collector cut-off current permits eval- 
uation of germanium or silicon tran- 
sistors. Model 545-B. in which voltage 
for transistor under test comes from 
internal battery or external source, 
may be used to match and compare 
transistors, accumulate design informa- 
tion for transistor circuits, and 
examine transistors for changes or 
deterioration. Test frequency is nor- 
mally 1 ke from internal oscillator, 
but any frequency between 200 cps 
and 50 ke may be used with external 
oscillator. Front-panel jack permits 
picking up wave form of collector 


ELECTRICAL MANUFACTURING 
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a IT'S PERMAG — 
oR MAGNETS 


. CAL OLymei 77-1818, 
¢ 
¢ 


ALL SIZES, 
ALL SHAPES, 
ALL GRADES 

IN STOCK 


Magnets for every use .. . Alnico and 
ceramic .. . sintered and cast... . are 
available from our huge stock, Our serv- 
ices include engineering, precision grind- 
ing, precision cutting and magnetizing. 
24-hour delivery. Write for catalog. 


PERMAG CORPORATION 
88-06 VAN WYCK EXPRESSWAY, JAMAICA 18, N.Y. 
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J PRECISION 


HM MOTORS DELIVER 
EVERY TIME! 


df PRICE W Md ise) a3 


Heinz Mueller makes motors 
for hundreds of applications 
—and they all bear the un- 
mistakable mark of Heinz 
Mueller’s excellent quality 
control, From original de- 
sign through the last phase 
of production, Heinz 
Mueller engineering skill 


DC Motors Cool 


and experience are devoted 
to supplying you with de- 
pendability you can count 
on. 

Write for detailed infor- 
mation on standard specifi- 
cations or let us tackle your 
particular engineering re- 
quirements. 


running, 


quiet operating motors in { 
especially compact designs 


where space 


are rigid 


requirements 


Capacitor Type Motors For 


24 to 220 Volts 


Can be 


supplied with terminal studs 
or leads, as specified. Ball 
bearing or sleeve bearing, 
commercial or military ap- 


plications 


DC Dynamotor Especially designed 
for high altitude aircraft opera- 
tion where service is critical 


Liv 


SEPTEMBER 1959 


Ma anes 


1906 N. Cicero Avenue * Chicago 39, Illinois 


AC/DC Series Motors Especially 
low-priced power units for ap- 
pliances, office machines, etc 
Has wide range of practical ap- 
plications. 


Engineering 
Co., Inc. 
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for TROUBLE-FREE SERVICE 


Parts made of TEFLON offer engineering advantages possible with 
no other component material. HALOGEN extrudes all sizes of rod 
and tubing and operates screw machines from #00 to 3” 
diameter, This maintenance of complete process and fabrication 
control is your assurance that the most rigid specifications 
will be met . . . economically. 
et tthe Aha 


When you PTL aoa f448e 


SPAGHETTI and TUBINGS of TEFLON 


are superior for high temperature or high humidity 
insulation applications. Not affected by soldering 
temperatures AWG sizes from #6 thru #28, 

natural color, in STOCK for IMMEDIATE SHIPMENT. 


Other sizes and NEMA colors available on order. 


Write for Bulletin T-2001. 


HALOGEN 


INSULATOR & SEAL CORP. 
9960 Pacific Avenue Franklin Park, Ill. 
Gladstone 5-9000 


*DuPont T.M. Engineers and manufacturers of products of TEFLON 
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makes 7 


ih 


Terminals 


and only 
Sealectro 
offers over 
7 


TEFLON 
TERMINALS 


In All Types and Sizes 
... and in 10 Colors! 


Don't improvise or lose valuable produc- 
tion time! Instead, choose from over 1000 
Sealectro ‘‘Press-Fit'’ Teflon Terminals — 
in miniature, sub-miniature and micro- 
miniature sizes — in ten standard E.1.A. 
Colors — all for immediate delivery. 

Only from Sealectro can you be sure 
that each terminal will be precisely 
matched to meet your most critical toler- 
ance requirements, and manufactured of 
the finest materials available, in providing 
you with a superior product. 

So, don’t waste time — don't take 
chances — just call Sealectro for ALL your 
Teflon terminal needs. 


*Reg. Trademark of 
E. 1. DuPont de Nemours & Co., Inc. 
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current for oscilloscopic display. Input 
impedance may be measured from 500 
to 20 k ohms +5 per cent. Collector 
cut-off current is measured from 0 to 
50 pamp +2 per cent. Beta range 
accuracy, +3 per cent. Metronix, Inc., 
Chesterland, Ohio. 611 


| HOT-WIRE ANEMOMETER 


| Anemometer makes use of ability of 


an air stream to absorb heat from 
electrically-heated thin-wire filament. 
Wire current is measure of instantan- 


| eous velocity. Self-contained instrument 
| requires output indicator such as an 
| oscilloscope for presentation. Applica- 


tions are studies of gas flow in jet 


| engines, fans or pumps. Frequency 
| response of Model 60B, d-c to 10 ke; 
| accuracy, 1 per cent; wire current, 
| 300 ma max. Shapire & Edwards, 1130 


Mission St., So. Pasadena, Calif. 612 


VOM ALSO SERVES AS 


| AMMETER, AMPLIFIER 


| D-C meter measures voltage between 


100 microvolts and 1000 volts with ac- 
curacy of 1 per cent of full scale. 
Model 412 measures current from 0.1 
pamp to 1 amp; accuracy, 2 per ceat. 
Resistance measurements by modified 
Kelvin bridge from 0.02 ohms to 5 k 
megohms. D-C amplifier output pro- 
portional to meter reading; voltage 
gain, 1000. Amplifier may be used to 
operate potentiometer or galvanometer 
recorders. No zero adjustment needed. 
VTVM circuit uses photo-chopper in 
place of mechanical vibrator. Input is 
floating. Current and voltage ranges 


NEW 


WA a 
Wie 


SCREWS AND NUTS 
AUTOMATICALLY DRIVEN 
WITH PRECISE TORQUE CONTROL 


Gives you... 


1 Complete control of screws from parts 
feeder to chuck, until threads are started. 
Ne dependence on gravity to load chuck. 


> Exclusive built-in sensing, assures that 
screw is driven. Automatically retracts 
driver only after attaining proper torque. 


Complete avtomatic cycle, requires only 
@ touch of the pedal. 


4 Torque accuracy within 5%, comparable 
fo most precise hand-torquing methods. 


Clutch free-wheels after driving. Operator 
cannot vary the torque. 


6 Two ranges of torque available 0 to 84 
inch-pounds and 48 to 120. 


7 Work height adjustment with 14” range, 
can be made without in any way disturb- 
ing the machine adjustments. 


Model $D-100, 
above, tooled for 
any standard screw 
up to %«” thread 
size. Special tooled 
feeders available. 
Model $D-101, 
without floor col- 
umn, provides a 
complete automatic 
station. Maximum 
width 6 inches. 


The new DIXON Auto-Torque Driver includes 
all the features of the DIXON Auto- 
Positioner, .and has an efficient space- 
saving air motor with an adjustable-torque 
clutch. These features provide for positive 
handling, giving new efficiency in driving 
screws and nuts. 

ASK FOR BULLETIN SD-B1 

illustrating and describing design 


and operating features and giving 
specifications. 


DIXON AUTOMATIC TOOL, INC. 
Lm 2305 - 23rd AVENUE 

[DIXON] ROCKFORD, ILLINOIS 
ae 

Cu Mae eS 
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OPHAR 


“~~~WAX ES 


“N 
™~ 


“\.. COMPOUNDS 


Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 
components of all types, radio, tele- 
vision, etc. 


Cold flows from 100°F. to 285°F. plain 
or fungicidal. 


Special waxes non-cracking at —76°F. 


Let us help you with your engineering 
problems. 


For immediate service contact: 
L. E. Mayer, Sales Manager 
A. Saunders, Technical Director 
H. Saunders, Chemical Laboratories 


Phone SOuth 8-0907 


ZOPHAR MILLS, inc. 
DT ie mest a eat dB 
Brooklyn 32, N. Y. 


Molded Fiber Glass 


400-amp TERMINAL and 
DISTRIBUTION PLATE 


Holds 4 Bus Bars 


Molded fiber glass bus bar distribution 

plates and terminal blocks are ready to use. 

Complete with extra long cap screws and bus bars. Get 

very good arc resistance and dielectric strength. One, two, 
or four bar sizes. Write for catalog sheet. 


Synthetics Development Corp. 
27402 RED LEAF ° ROYAL OAK, MICHIGAN 
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DYKEM 
STEEL BLUE’. 


Stops vg LS yy Popular ckage is = 


P 8-oz. can fitted with & 
making Dies and |: = y Bakelite cap holding = 
lpn 
Templates oy plying right at benc' 
Te metal surface ready for & 
layout in a few minutes. & 


1, The dark blue background & 


= makes the scribed lines = 
/4 show up in sharp relief, = 
prevents metal glare. In- 3 
creases efficiency and & 
accuracy. & 


Write for sample 
on company letterheod 


DYKEM COMPANY 
Ith St. © St. Louis 6, Mo. 
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ee soft-hair brush for — = 


Le 
Taga Via) 


by design engineers— hecause they’re 
MOST COMPACT « MOST ECONOMICAL 
SIMPLEST * HERMETICALLY SEALED 


Thermostatic 


DELAY RELAYS 
2 to 180 Seconds 


Actuated by a heater, they operate 
Geek OM Mann mm @taC iT) 


Hermetically sealed. Not affected by 
altitude, moisture, or climate changé 


SPST only—normally open or closed 


] 
vv yt Ine 
ae Od | 


Compensated for ambient temperatur 
changes from —55 to +70 C. Heat 


ers consume approximately 2 W. ond 
' 


Amperite Differential Re TYPES: Standard Radio Octal, and 9 
tomatic overload. MLE List Price, $4.00 


Standard Delays 


PROBLEM? Send for Bulletin No. TR-81 


may be operated continuously. The unit 
are rugged, explosion-proof, long- 
lived, and—inexpensive! 


EPG RY 
REGULATORS 


TU am CUR CLOUT te COM Ct) me Li 
current in a circuit automatically regulated 
eM OMm CTT LCM L110 RCO MCE COLL CoO LH) 

For currents of 60 ma. to 5 amps. Operate 
yn A.C, D.C., or Pulsating Current 


j 
AMPERITE 
WT Us 


AAC an 


Hermetically sealed, they are not affected by changes in altitude 
ban GO PTTL mE CCL 
ATS dc 


Write for 4-page Technical Bulletin No. AB-51 


ambient temperature (—55_ to 
light, compact, most inexper 


. CO.Inc., 561 Broadway, New York 12, N. Y. 


ry eee ee 
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from your 


COSMO Nylon Bobbins 


ding methods produce bobbins and washers to 
your exact specifications or you can order from a wide variety 


of shapes and sizes carried in stock for immediate shipment 


, ytel”’ Nylon 
Bobbins are: * Strength in thin sections * Dimensional 


{mong the many features found in Cosmo 


STL Teme ae al Me Ml pe irl) 
to impact * Resistance to action of many common chemicals 
* Rated for use up to 250 F + Good dielectric strength. 


benefits 


increased production speed 
»f rejects with Cosmo Nylon Bobbins 


Your Inquiry 


SALES DIVISION OFFICES 


Arizona, California, Colorado, Connecticut, Illinois, Massachusetts, Michigan, 
Minnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Washington & Canada 


MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


1/100 — 10H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


ewogpeed DIV. of ELECTRO DEVICES, Inc 
4 Godwin Ave. Paterson. N. J 
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have 10 db sequence. Hewlett-Packard 
Co., 275 Page Mill Rd., Palo Alto, 
Calif. >613 


CONSTANT-CURRENT SOURCE 


Current governor CS-120 has a range 
of 0.1 pamp to 10 ma at 0 to 2200 
volts d-c and may be used for measure- 


ment or testing of semiconductors, 
electrolytes and magnetic components 
at controlled current. Diode dynamic 
impedance can be measured. Voltage 
measurement will not load current 
source. Line and load regulation is 
0.05 per cent. Current may be pro- 
grammed or modulated by remote sig- 
nal, or set to 5-place accuracy by 
decade knobs. North Hills Electric Co., 
Inc., 402 Sagamore Ave., Mineola, L. I., 


ms Ms >614 


VARIABLE CAPACITOR 


Series of continuously adjustable ca- 
pacitors may be supplied in ranges to 
1.4 “f. May be used for wide-range 


RC or LC circuits, adjustable capacity 
standards, integrating circuits or filters. 
Brad-Cap voltages are 200 a-c to 400 
volts d-c max. Plastic Capacitors, 
Inc., 2620 No. Clybourn Ave., Chicago 
14, Til. >615 


WEATHERPROOF 
TEST CHAMBER 


TC-110 Series walk-in test chambers 
are assembled from modular panels 
and sections which are of sandwich 
construction with slabs of insulating 
material bonded to thin covering 
sheets of aluminum and stainless steel. 
Chamber roofs support 30 lb/sq ft 
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snow load. Structures withstand 120 
mph winds. Heating available by 
steam or by electric elements, cooling 
by liquid CO., block dry ice or me- 
chanical refrigeration; A factor of 
insulating material, 0.15 Btu/hr/sq 
ft/in./deg F. Wyle Manufacturing 
Corp.. El Segundo, Calif. >616 


TUBE-TRANSISTOR BRIDGE 


Bridge with an  amplification-factor 
range of 0.001 to 10,000 can be used 
to measure low-frequency dynamic co- 
efhcients of tubes and tranststors. 
Bridge Type 1661A uses a-c null meas- 
urement techniques. Independent 
vacuum-tube measurements can be 
made on forward and reverse voltage- 
amplification factor, resistance and 
transconductance; transconductance of 


tube having high grid-to-plate capaci- 
tance value can be measured without 
error from this capacitance. Provision 
for connecting self-biasing cathode re- 
sistors for tubes requiring them. In 
transistor applications, bridge will de- 
termine short-circuit conductance 
parameters (hybrid  input-impedance 
parameter. forward and reverse volt- 
age ratios and hybrid parameter). 
Thirteen adaptor plates available for 
plugging in tubes and _ transistors. 
Dynamic internal plate-resistance 
range of bridge is 50 ohms to 20 
megohms: transconductance 0.02 to 
50,000 micromhos. Maximum plate 
current, 400 ma; maximum plate volt- 
age 1500. General Radio Co., West 
Concord. Mass. ->617 


COAXIAL RATIO 
TRANSFORMER 


Miniature a-c voltage divider has an 
accuracy of 0.001 per cent and typical 
phase shift of 0.05 milliradians for 
normal operation. Unit Model CRT-3 
has input voltage of 0.35 f (f in cps) 
or 140 volt max at 400 cps. Frequency 
range, 50 to 10,000 cps. Unit has shock 
resistance of 50 g for 7 millisec and 
meets military specifications for vibra- 
tion, salt spray, drip proof, fungus and 
humidity. Device has 5-place resolu- 

(Centinued on page 347) 
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SYSTEMS AND COMPONENTS FROM 
ITT’S COMMUNICATIONS DIVISION... 


Complete ground communications for the Atlas and Titan 
Missiles... data conversion and handling and numerical 
machine tool control... automatic data switching systems 

. communications for SAGE air defense... these are 
some of the major projects designed, developed and pro- 
duced by Kellogg. 

Today, Kellogg systems and components play expanding 
roles in remote control, data and voice transmission, tele- 
metering, microwave—for Kellogg is the communications 
division of International Telephone and Telegraph Cor- 
poration, pioneer in communications developments. 

Whatever your needs, “call Kellogg”... whether for 
research, for technical know-how, or for the unparalleled 
facilities of invention and production for which Kellogg 
has been famous for 60 years. You’ll find Kellogg uniquely 
qualified to tackle today’s communications problems in 
industry and defense. 


Kellogg Switchboard and Supply Company, 6650 South Cicero Avenue, 
Chicago 38, Ill. Communications division of 
international Telephone and Telegraph Corporation. 
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Will FEEDBACK 


figure in your future? 


Single copy 


$3 


» or more 


Here is your chance to catch up with 
the latest mathematical techniques 
for analyzing servomechanisms and 
closed-loop systems. 


Reserve your personal reprint 
copies of Ira Ritow’s authoritative 
6-article series on 


AUTOMATIC CONTROL 
SYSTEM DESIGN 


This latest Ritow series has been acclaimed 
by professional engineers as a truly outstanding 
contribution to the understanding of advanced 
servomechanism design a comprehensive 
treatment that will serve design engineers well 
in dealing with the ever-increasing demands for 
automatic control in the operation of machines, 
autopilots, communications systems, process 
control, appliances. 

To meet the reader demand, the entire series is 
being combined in a 64-page case-bound ref- 
erence manual. All articles will be in complete 
form and the book will include a pertinent bibli- 
ography and an interpretive introduction by 
Staff Editor John Riggs. 


Reserve your personal copy now. Better yet, 


take advantage of the cost-saving quantity dis- 
count and order for your associates. 


SPECIAL RESERVATION ORDER 


ELECTRICAL MANUFACTURING 
205 East 42 St., New York 17, N. Y. 


Please send me, as soon as off press*, 


copies of the 


64-page bound reprint of the Ira Ritow series on AUTOMATIC CON. 
TROL SYSTEM DESIGN. I enclose remittance (CO Check; O Cash) 


in amount of $ 


NAME 


ADDRESS 


CITY 


*About October 1. 


Here’s a quick run-down 
on the Ritow series .. . 


PART 1—Defines complex numbers 
and explains their algebraic manipu- 
lation. Also discusses the functions 
of complex variables, their integra- 
tion and differentiation, as well as 
the principles of residues in the study 
of analytic functions. 


PART 2—Here the author deals with 
a mathematical technique much used 
in the design of control systems; i.e., 
Laplace transformations. The article 
tells how the Laplace transform is 
used to solve a differential equation. 
Impulse functions and the Z trans- 
form are also reviewed with exam- 
ples of their use. 


PART 3—Having established the 
underlying mathematical principles, 
the author takes up here the fre- 
quency response and transfer func- 
tions of various devices and compon- 
ents used in servo systems. Pertinent 
examples discussed are the transfer 
functions of a pressure transducer, 
a tachometer generator and similar 


devices. 


PART 4—How the transfer function 
of a system is used in determining 
stability and response is the topic of 
this fourth part. Discussed here 
also are system analysis using the 
Nyquist criterion and the Bode dia- 
gram, together with examples of how 
system performance might be im- 
proved by specific design changes. 


PART 5—Here the author takes up 
the system equation (which relates 
output to input directly) and shows 
how this method is used to determine 
stability and performance. Various 
means (including Lin’s method) of 
solving the system equation are given. 
Also discussed here are Routh’s cri- 
terion for stability and the effect of 
transient response and error con- 
stants. 


PART 6—A description, with perti- 
nent examples, of the use of the 
root-locus method of system per- 
formance analysis, rounding out the 
series’ presentation of the major 
techniques used by the servo de- 
signer. (See page 153, this issue.) 
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Can You Use These | 
NEW 


JUNCTION 
TERMINAL 
BUSHINGS? 


1. On final production test lines, 
quick-disconnect feature has 
saved time and simplified re- 
moval of defective parts. 





2. Color coded, the bushings 
speed assembly and insure 
correct harness connections. 


3. They speed up and simplify 
the removal and testing of com- 
ponent assemblies. 


THREE TERMINAL STYLES 


mate with existing female terminations 


Ve 


SOLDER * CRIMP * QUICK-DISCONNECT 


Send for samples and 
try them on o. 
products 


ara 


HEYMAN 


MANUFACTURING CO. 
KENILWORTH 1, NEW JERSEY 
Manufacturers of the Industry Famous 
HEYCO STRAIN RELIEF BUSHINGS 


* 
3 
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3-decade ratio trans- 
l-turn interpolating po- 
Readouts are 
dials, with potentiometer 
dial lock. Gertsch Products, Inc., 3211 
So. La Cienega Blvd., Angeles 16, 


Calif. >618 


tion obtained by 
former and 
tentiometer. 
concentric 


in-line, on 


Los 


MECHANICAL 
BREADBOARD KIT 


Series nine of Master Breadboard Kits. 
in Precision 1, 2 and 3 tolerances, are 
available from stock in ¥, “46 and 4 
in. shaft diameters. Kits contain ove 


2000 different items, such as precision 
differentials, 
other pre- 


gears, speed reducers, 
limit 
cision components adaptable to me- 
chanical and electronic applications. 
PIC Design Corp., 477 Atlantic Ave., 


E. Rockaway, L. I., N. Y. >619 


stop assemblies and 


IMPEDANCE TESTER AND 
PHASE EXTRAPOLATOR 


Instrument is suitable for testing ca- 
pacitors and iron-core devices such as 
reactors; measures 


transformers and 


impedance, inductance, capacitance, 
phase shift, trigonometric 
phase shift, dissipation factor D, stor- 
age factor Q, power factor, core loss, 
inductance and o'her re- 
Most of these 
instrument 


better 


incremental 
lated parameters. 
are read directly 
calculation. 


values 
from 


without Accuracy 


functions of | 





All Contact 
Materials 
are Specials! 


When you need top quality and fast 
service, specify Leach & Garner. All mill 
shapes and types available, including 
toplay, thrulay, inlay, overlay, edge- 
lay, wire and tubing with alloys of 
Gold, Silver, Platinum and Palladium 
Also available are silver and gold 
solders, silver and laminated wave- 
guide tubing, precision rerolling and 
sredrawing of non-ferrous metals. 
Engineering assistance available. 
Quotations rendered promptly. 
We build our business 
on prompt deliveries at 
competitive prices. 


INDUSTRIAL Divi 
ATTLEBORO, MASS 


SION 


SALES OFFICE 


NEW YORK CHICAGO ® LOS ANGELES 
CLEVELAND ® DAYTON DETROIT 


For prompt quotations write to: 
Leach & Garner 
50 Pearl Street 
Attleboro, Massachusetts 
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Re me hee me TET Ss 
offer you reliable service ... Longer 


Durakool products minimize wear from 


arcing and have 


virtually eliminated 


destructive heat rise (less than 50°C rise 


Tilted Down 


over ambient) and corrosion. 


Contacts 


ON operate under sealed in (50 p.s.i.) hydro- 
gen gas. Result: unequalled durability on 


Tilted Up 
OFF 


heavy or light loads as well as highly 
inductive, incandescent D.C. loads. The 


Durakool steel-clad (non-breakable) mer- 
cury relays and switches are built for 
continuous fast-cycling schedules. 


Timer-relay service life has increased 
up to 6 times former models. Plunger 
designed to stay free, making unit 
practically “fail-safe.” Tilt switches 
come in 7 sizes, 1 to 65 amperes. 
Timer relays available in any combi- 
nation of operate-release-time-delays 
from 0.15 sec. to 20 sec.—normally 
open or normally closed action. 


For more information 
on timer-relays and switches, write: 


DURAKOOL, INC. 


ELKHART, INDIANA 


1969 Avenue Rd., Toronto 12, Ontario 
301 Fifth Ave., So., Minneapolis 15, Minn. 
4747 Bronx Bivd., New York 70, WN. Y. 


colt 
ENERGIZED 


coil 
DE-ENERGIZED 


Durakool 


ALL STEEL MERCURY SWITCHES 
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after 


6O 


years 


OVER 60 YEARS' EXPERIENCE IN 
SOLDER AND FLUX MANUFACTURING 


348 


jindustry 


@ Kester 


Solder 


Only virgin metals, preci- 
sion manufacture, uniform 
consistency, rigid inspec- 
tion . . . these are some of 
the reasons why KESTER 
SOLDER today enjoys 
unanimous acceptance in 
the electrical industry. In- 
sist on Kester... you'll have 
the best in Solder! 


FREE: Send for 78-page Kester 
technical manual, ‘SOLDER... 
its Fundamentals and Usage."’ 


KESTER SOLDER COMPANY 


4209 Wrightwood Avenue 
Chicago 39, Illinois 
Newark 5, New Jersey 
Anaheim, Calif. 

Brantford, Canada 
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than 1 per cent is attained over fre- 
quency range from 30 to 20,000 cps. 
Impedance range, 1 to 99,999 ohms 
with provisions for extension. Bridge 
makes measurements at actual oper- 
ating voltage and frequency of com- 
ponent under test as required by 
MIL-T-27. Circuit design permits high 
current values to be imposed on test 
components; 1 amp d-c or higher can 
be superimposed on a-c signal. West- 
ern Electronic Products Co., 655 Col- 
man St., Altadena, Calif. ->620 


MICROWAVE WATTMETER 


Battery-powered wattmeter is designed 
for power measurements in the 10 to 
10,250 me range. Model 1300 is pow- 
ered by mercury-cell battery and pro- 
vides power measurement ranges of 
0-1 mw and 0-10 mw, or —10 to 0 


dbm and 0 to +10 dbm. Measurements 
additional ranges 
through use of Type-N couplers and 
attenuators as auxiliary equipment. 
Weight of wattmeter, 1 lb approx. 
Accuracy, +5 per cent of full scale; 
rated battery life, over 100 hr. Input 
via male Type-N connector. Radar 
Measurements Corp., 190 Duffy Ave., 
Hicksville, N. Y. ->621 


over accomplished 


CAPACITANCE BRIDGE 


Bridge features a self-contained oscil- 
lator and detector and operates at 1 
me. Range of Model 75-A capacitance 
measurements is 0.0002 to 1000 pyf. 
Differential capacitance measurements 
can be made with readability of +1 
ppm on nominal values above 200 
uf, which makes bridge applicable 
to temperature-coefficient work. Meas- 
urements of direct or grounded capaci- 
tance can be made. Separate con- 
ductance balance has measuring range 
of from 0.01 to 1000 micromhos. Has 
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You Get MORE with 
DOERR MOTORS 


QUALITY... 


Top performance and life. 


APPEARANCE... 


Compliments your product. 


DESIGN SERVICE... 


Solves toughest problems. 


COOPERATION... 


Even on small-lot orders. 


YOUR PRODUCTS are easier to produce .. 
Doerr motor as original equipment. 


. easier to sell... witha 


Got a problem? Doerr’s experience with thousands of 
“specials” suggests quick, economical answers. Our broad 
background helps develop practical new designs to fit all 
of your requirements at lowest cost. 


Also, Doerr quality construction assures full performance 
of your product... while compact, modern Doerr styling 
adds to appearance. 


CALL DOERR WHEN 
YOU NEED MOTORS 


On your next call for motors, get 
MORE...contoct DOERR! Expanded 
line includes ratings from 1/30 to 15 hp. 
Specials are our specialty—boacked by 
nation-wide, expert field service. Phone 
Cedarburg 801 or write... 


95 N. FOURTH AVE. * CEDARBURG, WIS. 
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Advance 
Laren 


Automatic Now U 
Electric eee 
Besson and 


Robinson 


Collins 
Electronics 


C. P. Clare 


TT) 
Lt 


ee 
Guardian Electric 
anal la 


eT oTaa) 
TareN ay 


Deals 


at 
Control 


ag 
& Brumfield 


R-B-M 


saab FACTORY PRICES 
ee 24 HOUR DELIVERY 


Terado from 
r 


me §6RELAY SALES 


Co Send for our Catalog C-9 
os Phone West Chicago 1100 
mats TWX West Chicago, Ill. 3464-U 


Write P. O. Box 186-B, West Chicago, Ill. 
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Safeguard Time Controlled Operations 
with ZENITH automatic accanacy 


Zenith Automatic Control 
Equipment provides a full 
line of the most accurate and 
reliable timing devices avail- 
able to industry. This preci- 
sion-engineered equipment 
features field- proven design, 
simple construction and... 

— most important . . . years of : 
completely dependable main- a 
tenance- free service. 

Whatever your timing re- 
quirement ...program, inter- | 
val, reset, multiple circuit, | 
process or explosion-proof... 
remember that Zenith is the 

a recognized specialist .. . also 
— day or calendar switches,au- ‘& 
<3 tomatic and remote control ee 
switches, con- Timers 
tactors andall 
types of special 
electrical control 
equipment. 


Write for latest 


Bulletin 
Explosion- : 
Proof See classified telephone 


Timers directory for local distributor Multicircuit Timers 


152 WEST WALTON STREET © CHICAGO 10, ILLINOIS 
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FOR FASTER ASSEMBLY 


_- ms L00P-TIPE 


“| PLASTIC 
CLAMPS 


Perfect insulators for mounting sin- 
gle or group wires, tubing, etc. . . 
unaffected by age, moisture, cor- 
rosion, shock, vibration. Use as a 
clamp, strain relief, clip, hanger, 
fastener, strap, etc. 


MILLIONS IN 
USE! 


26 
a to 3” 


==}. © NYLON CLAMPS Strong, tough, durable and 
pliable. Do not support combustion. Tempera- 
ture ranges, —60° to +250° F. Seventeen loop 
diameters, |/8” to |-1/2". Larger Sizes coming! 
ETHYL CELLULOSE CLAMPSFor general use. 
Tough, lightweight, durable and pliable. Tem- 
perature ranges, —60° to +175°F. Twenty- 
Two loop diameters, 1/8” through 3”. 
SARAN CLAMPS Very pliable and non-burn- 
ing material . . . Temperature ranges, —40° 
to +150°F. Seventeen loop diameters, 1/8” 
through 1-1/4". 


MAIL TODAY FOR 1959 "Hi'’ CATALOG 
Easy To Open oe 


Snap Back in Shape! NAME 


ASK FOR FREE SAMPLES! ! FiRM 


Specify Type and Sizes 
ADDRESS 


City 


HOLUB INDUSTRIES, Inc. 
445 ELM STREET » SYCAMORE, ILLINOIS 
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TUBULAR 
RIVET 
COST-SAVINGS 
MULTIPLY 
WITH MILFORD'S 


ASSEMBLY 
ANALYSIS 


WE STUDY 
THE 
FUNCTION 


3. 


A 
RECOMMEND 
THE BEST 
ASSEMBLY 
TECHNIQUE 


Smart designers are getting an assist 

from Milford—not only with basic design 

tips—but with a complete Assembly 

Analysis from drawing board to finished 

product. 

For the answers to assembly problems... 
. +. get in touch with Milford first! 


MILFORD RIVET 
& MACHINE Co. 


MILFORD, CONNECTICUT 
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HATBORO, PENNA. 
ELYRIA, OHIO * AURORA, ILL. * NORWALK, CALIF. 


for connecting external os- 
cillator and detector. Boonton Elec- 
tronics Corp., 738 Speedwell Ave., 
Morris Plains, N. J. —>622 


provision 


IMPEDANCE PHASE-ANGLE 
METER 


Meter makes direct 
pedance and phase angle in polar form, 


readings of im- 


dissipation factor (D) and storage co- 


efficient (Q). Frequency range is 30 


cps to 40 ke. There are internal 60 and 
400 cps test signals. Any RLC com- 
bination can be measured by Model 
310B. Only one balancing control used. 
Impedance range, 0.5 to 100 k ohms 
from 30 cps to 40 kc; to 20 ke, imped- 
ance magnitude accuracy +1 per cent 
and +2 deg for angle. Uses include 
measurements of amplifiers, electro- 
acoustic transducers, filters, indicating 
meters and transformers. Acton Labora- 
tories, Incorporated, 533 Main St., Ac- 
ton, Mass. ->623 


REPRODUCTION MACHINE 


Diazotype reproduction machine, Copy- 
flex Model 42, makes black-on-white 
positive prints. Tracings up to 42-in 
wide by any length made by inserting 


From raw material to finished product, she’s 
the boss at every stage of production. 


For the same reasons, only the com- 
pany who controls metallurgical qual- 
ity of beryllium copper from raw ore 
to finished strip can furnish you the 
precise mechanical and physical prop- 
erties needed for your most exacting 
requirements. 


The Brush Beryllium Co. and its Penn- 
rold Division offers you the world’s 
most completely integrated facilities 
for the production of beryllium copper 
strip with metallurgical properties tai- 
lored to the needs of individual cus- 
tomers. With it, you get complete 
application and fabrication field engi- 
neering service, the widest range of 
sizes (down to 0.0005” thick) and the 
largest coil size in the industry (for 
greater uniformity and faster delivery ). 


The same precise metallurgical control 
and complete field engineering service 
is also available to users of precision 
rolled phosphor bronze and other spe- 
cial purpose alloy strip. 


For more information, quotations, or 
fast delivery—call your nearest Penn- 
rold Service Center, today! 


(Precision Rolled Strip 
... Only the best 
meets every test) 


TTHE BRUSH BERYLLIUM CO. 


PENNROLD DIVISION 
501 Crescent Avenue/Reading, Pennsylvania 


Service Centers and Warehouses 
Reading, Pa.— FRanklin 5-4361 
Southington, Conn.— MArket 8-5574 
New York, N. ¥.— WaAlker 5-7500 or Enterprise 6479 
West Paterson, N. J.—CLifford 6-1085 
Philadelphia, Pa.— MOhawk 4-6749 
Pittsburgh & Cleveland— Cleveland, ENdicott 1-5400 
Chicago, Ill.— GLadstone 5-7850 
Detroit, Mich.— TUxedo 4-2530 
St. Louis, Mo.— SHerwood 1-6423 
Greensboro, N. C.— BRoadway 3-5973 
Los Angeles, Calif.—PLeasant 3-5531 
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puts design 


to work 
... fast! 


(re DIRECT-COPYING saves time—for the en- 
gineer, architect, draftsman—through fast, de- 
pendable reproduction of prints. Slashes retracing 
time when design changes are made. Safeguards val- 
uable originals. Cost? Less per copy than any other 
copying process! The new Printmaster 1000 (shown 


WHITEPRINT MACHINES e MICROFILM EQUIPMENT e AUDIO-VISUAL PRODUCTS 
SENSITIZED MATERIALS e PRODUCTS FOR DESIGN e LITHOGRAPHIC PRODUCTS 


a 


Speeds ottice paper work, too. 
Table-model Ozamatic 
has 16” width, turns out up 
to 1000 copies an hour. 
Used widely for “one- 
writing” business systems, 
general copying. Send for 

folder No. K-9 to Ozalid 
Division, General Aniline 
& Film Corp., Johnson 
City, N. Y. 


above) offers more useful speed than any other 
whiteprinter—up to 100 f.p.m.—gives clear, dry 
copies in seconds. There’s an Ozalid product for 
every copying need, every budget! Call your local 
Ozalid representative, or write: Ozalid Division, 
General Aniline & Film Corp., Johnson City, N. Y. 


OZALID 


Division of General Aniline & Film Corp.; In Canada: Hughes-Owens Co., Ltd., Montreal 
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High Temperature 


MAGNET WIRE 


TEFLON MAGNET WIRE 


TEMPERED TEFLON 
MAGNET WIRE 


SUPER-TEMP can supply with unprecedented 
speed and volume, the finest quality Teflon* 
insulated magnet wire for continuous opera- 
tion up to +260°C and to considerably higher 
ranges for shorter operating periods. Rigid 
inspection standards include a multitude of 
tests for physical, environmental and electrical 
characteristics. 


SILICONE MAGNET WIRE 
MICA MAGNET WIRE 
ISONEL 175 MAGNET WIRE 


a NEED IT FAST? . . . SEE SUPER-TEMP FIRST! 


Also Manufacturers of 
LEAD WIRE * MINIATURE CABLES * JUMBO CABLES 
LACING CORDS * TUBING * SPECIALTY WIRE * TEFLON TAPES 
2LICONE RUBBER WIRES 


Super-Tewp 


American Super-Temperature Wires, Inc. 
SUBSIDIARY OF HAVEG INDUSTRIES, INC. 
26 West Canal Street, Winooski, Vermont e University 2-9636 


General Sales Office: 195 Nassau St. « Princeton, N. J. *« Walnut 4-4450 


FREE / 


Send For 
Valuable |: 
NEW 64 
Page 
Catalog 


| 


, “DuPont's TFE Resin - Reece . . 
Agents in principal electronic manufacturing areas 
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tracing and sheet of Copyflex paper. 
Sensitized paper is delivered by ma- 
chine and developed by spray applica- 
tor which is odorless and free of 
noxious fumes. Mechanical speed 
range, 3 to 36 in. per min. May be set 
on table or hung from wall. Charles 
Bruning Company, Inc., Mt. Prospect, 


Il. > 624 


UNIVERSAL 
IMPEDANCE BRIDGE 


Bridge has accuracy of 0.1 per cent 
for resistance, 0.2 per cent for ca- 
pacitance and ©.3 per cent for induc- 


tance. Dial provides more than 12,000 


dial divisions for each of seven bridge 
ranges. One dial 
0.1 pyf. 0.1 milliohm and 0.1 yh on 
lowest ranges. Values to 1200 pf. 12 
henrys may be 


division represents 


megohms and_ 1200 
measured on highest ranges. Switches 
on Model 250-DA are dry-filmed ce- 
ramic material with solid-silver con- 
tacts. Electro Measurements, Inc., 7524 
S. W. Macadam Avenue, Portland 1, 


Ore. ->625 


X-Y RECORDER 

Recorder can operate from punched- 
hole cards or from strain-gage signals 
and is capable of automatically pro- 
ducing 400 charts from IBM _ punched- 


MLL 
VAY 
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ELECTRICAL 
PORCELAIN 


Pré6duced to meet your 
individual requirements 


ALL TYPES © ALL SIZES 
ALL QUANTITIES 


BY BOW 


Send Your Drawings and Specifications to: Bowmar designs and produces all kinds 
of precision counting and indicating de- 


c vices to all specifications for all indi- 

AKR & ¥ K e cating applications. A few general types 

offered include heading and azimuth, 

2725 CORY AVE., AKRON 14, OHIO latitude-longitude, decimal and impulse 

counters as well as unlimited special 

designs. Although Bowmar has standard- 

ized dozens of counting devices, all may 

be modified for new requirements. 
Counting configurations, light weights, ANGLE COUNTER 1503. Counts from 
small sizes, high speeds and special 000.0° to 359.9° and returnsto 
mounting hardware are among many fac- 900.0; Input speed: 1800 rpm max. 


tors which can be varied to accommo- 5" 3? sam cont: Weight: 2.5 oz.; 


» Electrical Coil Windings | “ae 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or ry 
engineering assistance available on request. 


| LONGITUDE COUNTER 2216. Pro- MINIATURE LATITUDE COUNTE. 
om | vides true indication of longitudinal 2417. Counts from 00°00'N to 
oF r | position; Input speed: 1000 rpm mox. 90°00'N or S, with permissible over- 


int., 300 rpm cont.; Weight: 6.1 oz.; run of 10°; Input speed: 1500 rpm 
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SINCE 1917 — , 4 in. Typical of moan <—m roe yy pe 1.5 

owmar designs currently bein oz.; Length: 1.59 in. ical of man 

63 Pavilion Avenue Providence 5, Rhode Island anata Bowmar designs canreutin been 
| manutactured. 
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Reader Inquiry Service 


i s ma MINIATURE DECIMAL COUNTER 2416 SPECIAL DECIMAL COUNTER 2660. 
ee ~_— -_ are ne on page 17 as a con (with servo "ype mounting). Counts Counts from 000000 to 999950 with 
vemence to e reader in obDtaining— from 000 to with return to 000. return to 000000, in 50-unit incre- 

Input speed: 1500 rpm max. int., ments. Input speed: 1000 rpm mox. 

New Components and Materials 500 rpm cont.; Weight: .5 o2.; int., 300 rpm cont.; Weight: 3 oz.; 
dditi ld f th li f . . d Length: .685 in. Typical of man Length: 2.33 in. Typical of man 
Additional data from the supplier of any item reviewed. mor designs currently bein Bowmar designs currently bein 


monutactured. ee 


SEND NOW FOR DATA PACKAGE NO. 1258, WHICH 
DESCRIBES COUNTING DEVICES ABOVE IN DETAIL 


Literature for the Design Engineer 
A copy of any manufacturer’s publication reviewed. 


Feature Article Reprints 
Single copies of selected feature articles. 


Advertised Products 
More information on any product or service described. 


REPRESENTATIVES IN PRINCIPAL U. $. AND CANADIAN CITIES 
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NON-SLIP 
LACING TAPE 


GUDEBROD’S 
TEMP-LACE H 


Gudebrod synthetic rubber 
finish has now tamed slippery 
Tefion* by coating it with syn- 
thetic rubber. Once cables are 
laced with Temp-Lace H, 
they’re laced for good... be- 
cause there’s no knot-slip; no 
harness slip. Assemblies stay 
tight and firm. 


Flat-braided of pure, inert 
Teflon, Temp-Lace H is non- 
corrosive to hands or instru- 
ments. Now coated with Gude- 
brod’s non-flaking, fungistatic 
rubber finish, it’s non-slip, and 
flexible from —40° to 220°C. 
It won’t cut through insulation. 


Temp-Lace H is available in 
five sizes; or we will engineer a 
tape to meet your specifica- 
tions. Write today for Data 
Book giving complete informa- 
tion on ALL Gudebrod Lacing 
Tapes and Drive Cords. 


*Du Pont’s TFE fluorocarbon fiber 


GUDEBROD 


BROS. SILK CO., INC. 
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hole cards or equal. Charts, each 144 x 
3 in. wide, may be produced on single 
piece of paper 30 x 30 in. Young 
Testing Machine Co., Box 233, Bridge- 
port, Pa. >626 


HIGH- AND LOW- 
TEMPERATURE CHAMBER 


Chamber plugs into any 115-volt power 
source and features temperature range 
from 100 to +350 F; hermetically- 


sealed, cascade refrigeration system 
and heating system. Accuracy, +3 deg 
F over full temperature range. Model 
FT1-100X350 working space, 1 cu ft. 
Missimers Inc., 3737 San Fernando Rd., 
Glendale 4, Calif. ->627 


MILLIMICROAMMETER 


Meter covers range of 10 millimicro- 
amp to 1 ma for measuring reverse- 
current characteristics of silicon di- 


odes or as millimicroammeter. Model 
MA-259 is self-contained and _ battery- 
powered. Teletronics Laboratory, Inc., 


54 Kinkel St., Westbury, N. Y. +628 


Postcard return cards are provided on 
page 17 as a convenience to the reader 
in obtaining further information on 

* New Components and Materials 

* Literature for the Design Engineer 

* Feature Article Reprints 

* Advertised Products 


To meet demands for perfect finish 
on stainless and nickel Thinstrip “, 
Somers installs unique new annealing 
furnace. 


This new Selas vertical continuous 
annealing furnace assures uncontami- 
nated, commercially unmarred sur- 
faces as well as uniform temper and 
faster delivery on stainless, nickel and 
nickel alloy Thinstrip up to 25” wide. 
But this is only part of the story of 
Somers’ quality. Sendzimir rolling 
mills, Accu-Ray gauging plus 50 years 
leadership in thin gauge metals (from 
.010 down to .000125”) are a few 
of the features Somers offers to assist 
you with your Thinstrip® problems. 


Write for Confidential Data blank — 
no cost or obligation. 


ait EXACTING STANDARDS i. 
t ly 


Somers Brass Company, Inc. 
112 BALDWIN AVE. WATERBURY, CONN. 
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Encapsulated 
Bobbin 
Paper Interleave 


Cotton Interweave 
Form Wound 
High Temperature 


ST Tale Me Ze) ae el 
specifications for quotation. 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 
93 Main Street « Winsted, Conn, 
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FOLDING DOUBLE CUPPED WASHER LUGS 


With or Without 
Insulation Grip— 
Small or Large 
Screw Hole. For 
Standard, Extra 
Flexible Strand- 
ingand Solid Wire 


EASY TO APPLY « NO TOOLS REQUIRED 


Write for Bulletin 8-DF AE naan ant 


1043 EVANS STREET, CINCINNATI 4, OHIO 
Circle 378 on page 17 


SPECIAL “HOT MELT’ COMPOSITIONS fo: 


electronic component dipping, impregnating and potting. 
e Controlled insulation resistance. 
e MIL and Industrial Specifications. 


e Softening point range from 155°F to 290°F. 
e Stability at —70°C. 
e Fungus resistant grades available. 


Send for GENERAL SPECIFICATIONS CHART 
on INSULATING and SEALING COMPOUNDS 


3442 HOWARD STREET * SKOKIE, ILLINOIS 
Telephones: ORchard 3-1050 * AMbassador 2-3339 


BIWAX CORPORATION 
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TWIN LAMP 
ASSEMBLY 
No. 248-6939-1437 


SINGLE LAMP 
HOLDER 


Replaceable No. 7538 


Lamp Cartridges 


For the Computer-Automation Industries 


DATALITES by DIALCO are ultra-miniature Indicator Lights 
specially designed to meet the critical requirements of 

the computer-automation fields. Made in 2 basic styles: 

Lamp Holders with DIALCO’S own replaceable Lamp Cartridges 
(see above); or integrated DATALITES with Built-in Neon 
Lamps which are not replaceable (see below). Ultra-compact, 
single units mount in 34” clearance hole; the twin-lamp 
assembly mounts in 34” clearance hole. 


LAMPS USED: 
T-1% wire-lead 
incandescent lamps, 
or NE-2E neon lamps, 
in aluminum sleeves 
capped with plastic 
lenses (7 colors). Rotatable 
e Lenses 


DATALITES 
with 
Built-in NE-2E 
Neon Lamps 


249- 7840- 1431 No. 249-7841-931 
with 


built-in resistor 
250- 7841- 1431 


(Illust. approx. with 
actual size) No. 250-7840-1431 built-in resistor 


DATALITES have fully insulated terminals and conform to 
all applicable military specifications. Integrated units 

are available with or without built-in resistors. The 
cylindrical lenses can be hot-stamped with digits, letters, 
etc. Complete details in Brochure L-160. Send for it now. 


SAMPLES ON aa CO als cnanee 


GF PTT ts 


44 STEWART AVE., BROOKLYN 37, N.Y. + HYacinth 7-7600 
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PRODUCT INDEX FOR THIS ISSUE 


Components, parts and materials described in this issue's editorial and advertising pages. Key: 
page number only indicates advertisement; letter “e' with page number indicates editorial mention. 


COMPONENTS, 
ELECTRICAL /ELECTRONIC 


Batteries—255 

Brokes—228e, 302e 

Capacitors—73, 153e, 193, 210, 232e, 259e, 
274e, 322e, 339 

Choppers—52, 296, 338 

Clutches—59, 322 

Contact devices 
Brushes and brush holders—223, 302 
Commutators—14, 284, 318, 330 
Contacts and contact points—21, 76, 333 
Slip rings—330 

Control systems—153e, 179e, 216, 264e, 285, 
344, 345 

Cooling equipment—9%4e, 21 le, 256 

Counters—200 

Demodulators—322e 

Electron tubes 
Phototubes—274e, 290e 
Receiving—196, 240e, 309 
Special—300e, 309, 316 

ree blowers—31, 232e, 245, 268e, 284e, 


Filters—268e, 276, 340 
Fittings, conduit—268 
Heating elements—230e, 306, 333, 335 
Lights, indicator—192, 232e, 355 
Magnetic components 
Bobbins and core boxes—344, 357 
Coils and windings—355 
Cores—117e, 255 
Permanent magnets—341 


Magnetic amplifiers—114e 
Meters, Panel—279e, 302e, 334 
Microwave devices—188e, 230e, 234e, 345 


Modular assemblies—68 


Potentiometers—236e, 
290e, 292e, 315 


Protective devices 
Circuit breakers—310e 
Fuses—240e, 319 
Thermal—37, 92, 185, 240e 


Reactors—250 


Relays 
General purpose—37, 45, 58, 183, 207, 
21le, 220, 233, 280e, 290e, 300, 305, 
318, 324e ,328e, 333, 349 
Industrial—37, 312, 315 
Telephone—222, 275 
Time delay—230e, 246e, 316e, 329, 343 


Resistors—13, 41, 274e, 279e, 282e, 291, 
298e, 318, 321, 328 


Semiconductor devices 

Rectifiers and diodes—5, 202, 203, 226e, 
232e, 235, 240e, 241, 250e, 272e, 281, 
294, 298, 308e, 320, 332e 

Thermistors—62, 274e, 292e, 358 

Transistors—inside front cover, 75, 83, 
226e, 228e, 242e 

Varistors—358 


254e, 270e, 288e, 


356 


Servo components—30, 43, 52, 65, 228e, 230e, 
232e, 234e, 256e, 260e, 270e, 282, 313e, 
320e, 334e 


Solenoids—70, 214, 230e, 301, 308 
Static switching elements—21le, 253, 268e 


Switches 

Centritugal—294 

Controllers and contactors—89, 199, 217, 
228e, 276e, 332e 

Limit—77, 254e, 326e 

Mercury—270, 348 

Pushbutton—85, 264e 

Rotary—230e, 240e, 245e, 317 

Snap action—232e, 294e, 296e, 304e 

Special—182e, 322e 

Stepping—207, 273, 276 

Thermal—288e, 304e 

Toggle—194, 308e 


Timers—47, 200, 232e, 267, 284e, 302e, 349 


Transducers 
Linear displacement—314e 
Special—274e, 308e, 324e, 339 


Transformers 
Electronic—42, 208, 212, 282e, 313e 


Valves, solenoid—242e 
Voltage references—228e 


Wire and cable—23, 34, 148e, 320e 
Hookup—23, 84 
Magnet—23, 55, 91, 195, 231, 244, 249, 
278, 290, 300, 307, 324, 352 
Power—34 
Ribbon cable—216 


Wiring devices 

Cable clamps and clips—328e, 349, 357 

Connectors—26, 56, 228e, 242e, 245e, 248e, 
252e, 260e, 300e, 304e, 323 

Cord sets—252, 329 

Plugs and jacks—232e, 242e, 263e, 270, 
298e, 336 

Standoffs—250e, 276e 

Terminals—56, 246, 306, 335, 342, 347, 355 

Terminal blocks—56, 316e, 332e, 343 


COMPONENTS, 
MECHANICAL/STRUCTURAL 
Bearings—1, 15, 16, 44, 226e, 250e, 261 
Bushings—16, 276e 

Conduits—50, 268 

Counters—353 

Couplings—178e 

Dampers—242e 


Fasteners 
Bolts and nuts—197, 224e, 230e, 327, 357 
Eyelets—191, 334e 
Pins—224e 
Quick-operating—51, 324e 
Screws—40, 219, 257, 264, 294e, 327, 329, 
330e, 357 


Filters—21le 
Housings and enclosures—50, 248, 256e, 266e, 
268 


Knobs, handles—232, 317 

Mechanical amplifiers—186e 

Plastics parts—228e, 240e, 296e, 328e 
Rings, retainer—29, 336 

Seals and gaskets—215, 268, 299, 314e 
Shock mounts—320e 

Springs—87 

Timers—293 


COMPUTERS AND 
COMPUTING COMPONENTS 


Back cover, 202, 224e, 232e, 237, 246e, 264e, 
276e, 280e 


DRAFTING MATERIALS 
AND EQUIPMENT 
Instruments—325 

Masks—298e, 310e 
Reproducers—350e, 351 

Tracing cloth—325 


DRIVES 
Electrical—Inside back cover, 21le, 285 


Mechanical—225, 228e, 266e, 330 
Variable speed—272e, 326e 


INSTRUMENTS AND 

TEST EQUIPMENT 
Amplifiers—52, 230e 

Environmental chambers—228e, 344e, 354e 
Generators, electronic—230e 


Meters—226e, 230e, 234e, 342e, 348e, 350e, 
354e 


Plotters—339e 


Power supplies—103e, 181, 230e, 245, 252e, 
264, 288, 344e 


Recorders—230e, 259, 352e 
Shock and vibration—21 le, 218e, 226e 


Special test equipment—32, 198, 204, 230e, 
232e, 234e, 313, 318, 338e, 339e, 340e, 
342e, 344e, 345e, 347e, 348e, 352e 


Tachometers—204, 228e, 321 


ELECTRICAL MANUFACTURING 





MATERIALS, 
ELECTRICAL/ELECTRONIC 


Contact materials—90, 246e, 347 
Insulation and dielectrics 
Casting resins—35, 46, 61, 148e, 205, 222e, 
224e, 245e, 355 
— and glass—265, 294e, 323, 327, 
53 


Laminates—24, 61, 145e, 184e, 21 le, 224e, 
259, 271, 274, 332 

Mica—224e 

Molding compounds—71, 224e, 239, 287, 
306e 


Paper—224e, 246 

Tape—8, 28, 60, 74, 88, 205, 21le, 224e, 
227, 259, 288e, 302e, 306e 

Tubing—79, 205, 224e, 234, 236e, 240e, 
306e, 324, 332, 341 

Varnishes—61, 211e 


MAGNETIC MATERIALS 


Electrical Steel—33, 78, 214e, 289, 330e 
Ferrites—213, 214e 


MATERIALS, 
MECHANICAL/STRUCTURAL 


Adhesives, cements, sealants, waxes—224e, 
280e, 314e, 334e, 343, 355 

Metals 
Alloys, general—64, 222, 224e, 292, 350 
Aluminum—224e, 236e, 297 
Copper, brass, bronze—283, 307 


Economically mass produced 
on fully automatic 
patented machines, GRC 
nylon parts are available 
from stock in many sizes 
and types. GRC uses single 
cavity techniques, molds 

in one automatic cycle gets 
accu-ate, uniform parts, 
ready for immediate use. 


These advantages, these 
economies, apply too, to 
tiny made-to-order parts to 
your specifications . . . 

in quantities of 25,000 to 
many millions. Write for 
bulletin describing GRC’s 
unique method for injection 
molding small plastic 

parts or send prints for 
quotation. Ask about our 
zinc alloy die castings, too! 


NO SIZE TOO SMALL 
Maximum size 114" long, 


Write, wire, 
phone NOW 
for prices and 
your copy of 
GRC's new 
catalog of die 
cast & molded 
fasteners. 


j NYLON: a EyEsMe- 


GRC NYLON WASHERS 
Molded ¢« Uniform « Accurate 


Used as insulators, anti-friction bearings, guides 
and spacers . . . well suited to shock load ap- 
plications . . . ideal in a variety of applica- 
tions ... 

These GRC nylon washers have built-in electrical 
insulating properties . . . natural elasticity and 
resiliency . . . are non-corrosive, non-magnetic, 
chemical resistant . . . conform to irregular 
surfaces, seal, dampen vibration, prevent gal- 
ling under screw heads 

Available from stock in 5 sizes, from #4 thru 
V4''. Many others also from 

stock in a variety of inside 

and outside diameters and 

thicknesses. 


Nickel and Ni-alloys—303, 331 GRIES REPRODUCER CORP. 
Steel—36, 86, 214e, 224e, 269, 337 World's Foremost Producer of Smal! Die Casting 


Metal forms 149 Beechwood Ave., New Rochelle, N. Y. © NEw Rochelle 3-8600 

Clad metals—90, 195, 21le Circle 382 on page 17 

Tape—244 

Thermostatic bimetal—310 
Non-metallic materials 

Ceramics—280 

Elastomers—201, 226e, 295 

Plastics compounds and resins—218e, 240e, | 

2h20, 272 | Learn how you may 

Protective coatings 

Chemical—53, 250, 266, 313e 


solve more engineering problems 


. . , 
with Ira Ritow’s 
MOTORS AND GENERATORS 
Fractional-hp motors—2, 30, 38, 63, 81, 

232e, 280, 317, 349 
Gearmotors—2, 187 
Integral-hp motors—49, 221, 232e, 251, 254e, 

263, 336e, 349 
Special—2, 25, 30, 47, 52, 63, 67, 80, 189, 

21le, 236, 248e, 254e, 280, 316e, 317, 

321, 326, 335, 341, 360 


practical guide to 


SLIDE-RULE 
MATHEMATICS 


This 20-page, two-part article authored by engi- 
—— EQUIPMENT, neer-teacher Ira Ritow offers a really practical treat- 


ment of the theory and use of the engineer’s prime 

computing instrument, the slide rule. It includes 
Layout fluid—343 well-illustrated instructions for the use of all con- 
a ventional slide-rule scales as well as the circular rule. 
Processing equipment—133e, 234e, 304, 342 Reprint copies of the complete article with prac- 
Soldering equipment—254, 268e, 348 tice slide rules printed on heavy stock for easy cut- 
out are priced at $1.00 each; in quantities of five, 90 
cents each; in quantities of twenty-five, 75 cents each. 
See handy order form on page 218. 


Lacing tape—354 





SERVICES 


Metal fabrication—16, 27, 69, 354 
Other fabrication—247, 279e, 350 
Plastics fabrication—82, 259e, 314, 341 
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Engineer: 


YOU’D 
BE 
SURPRISED.. 


Mek Ane 


at the amount of 
FREE technical 


information available 
to you. . . find 


out by sending 


aaa s a FREE 


Thermistors - Varistors - Thermal 


Conductivity Cells - Electronic 


Controls - Thermal, Electronic 
and Physicel-Sensing Devices 


VECO THERMISTOR-VARISTOR 
LITERATURE CATALOG 


This handy reference catalog de- 
scribes the VECO Technical Literature 
available for a variety of different 
applications of VECO Thermistors, 
Varistors and other VECO products. 


CATALOGED IN EEM SEC. 4700 ww 


| 
What You Should Know About 


THERMAL-SENSITIVE — 
RESISTORS 


THERMISTORS . 


AND 
VOLTAGE-SENSITIVE 
RESISTORS 


VARISTORS 


bs 


109 Springfield Road, Union, N. J. 
MUrdock 8-7150 
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America 
AMP Incorporated 


Acme-Newport Steel Co., A Sub. of 
Acme Steel Co. 


Acme Wire Co., The 
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Akron Porcelain Co. 
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Sub. of Haveg Industries Inc. 
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Amperite Co., Inc. 
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Anaconda Wire & Cable Co. 231, 277, 
Armco Steel Corp. 
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HERMETIC 
AND 
OPEN MOTOR 
APPLICATION 
ENGINEERS 


Exceptional opportunities with 
highly important responsibili- 
ties are immediately available 
for experienced motor applica- 
tion engineers. Frequent high- 
level contact with major cus- 
tomers affords an ideal balance of 
both administrative and design 
supervision responsibilities. 


We prefer energetic, person- 
able electrical engineers with 
a minimum of four years ex- 
perience in application or motor 
engineering of either hermetic 
or open fractional horsepower 
motors. 


Emerson Electric is a nation- 
ally known leader and pioneer 
in its field since 1890-—a dy- 
namic, expanding organization 
with a past full of progress and 
a future full of promise. As a 
medium-size manufacturer, we 
offer you unlimited opportuni- 
ties. Salaries are excellent plus 
extra benefits. Our beautiful 
suburban location is convenient 
to all the advantages that make 
up good, enjoyable living. 


If you want a challenge rather 
than a chore, a career filled 
with opportunity instead of a 
job— you owe it to yourself 
and your family to investigate 
these openings at once! Send 
complete resume, including 
salary requirements and photo 
if possible, to Mr. R. L. Middle- 
ton, Employment Manager. 





ANOTHER FIRST... 


THE 
ONLY 


EtuisKthible 


A.C. TIMING 


MOTOR 


Thinner... 
Quieter... 
More Reliable... 


More Versatile 


FINGER-THIN ... 


Only 9/16 Inches Short .. . Only 1% 
Inches in Diameter . . . very compact 
. .. reduces the size of your equipment. 


WHISPER-QUIET eee 


Strictly an electrical motor . . . practi- 
cally noiseless .. . no rattling of gears 
or ratchets. 


TORQUE... 


Y% oz. inch at the rotor with instanta- 
neous start and stop . . . requires only 
2% watts ...can replace larger motors 
in recorders, controls and telemetering 
equipment. 


HIGHEST RELIABILITY ... 


Longer life . . . no One-way gears or 
ratchets to fail . . . provides millions of 
operations without any trouble. 


SPECIFICATIONS 


Standard Voltage Ratings: 
6, 12, 24, 115, 230 Volts 
Frequency: 
60 CPS Standard 
25, 50 CPS Available 
Power Input: 2.5 Watts 
Maximum (60 CPS) 


BASIC MOTOR 
Weight: 4 ounces 
Speed: 300 RPM 
Torque: Vs oz-in. 
Length: 9/16 inch 


WITH INTEGRAL GEAR TRAIN 
Weight: 5 ounces 

Speed: 300 RPM to 1/6 RPH 
Torque: 30 oz.-in, @ 1 RPM 
Length: Y% inch 


WITH INTEGRAL GEAR TRAIN 


Send For Special Illustrated 
Bulletin AWH MO-806 


“A.WEIAYDON Company 


234 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
Custom Design & Manufacture Of Electrenic And Electre-Mechanical Timing Devices 
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ELECTRICAL MANUFACTURING 





INTRODUCING AN ALL ELECTRIC, VARIABLE SPEED DRIVE 
FOR UNDER $220" THE FRACTIONAL hp. WS dr. 


Now you can gain the efficiency of stepless speed changes 
for smaller machines. The new fractional V*S Jr. puts 
complete machine control at your operator’s fingertips, 
for less than $220.* 


The fractional V*S Jr. will vary drive motors speeds 
from 215 thru 1725 rpm. Speeds can be changed through 
this 8:1 range by a simple turn of the selector dial. 
Speed changes can be made while the machine is oper- 
ating or pre-selected before starting. 


This packaged drive provides start, stop and stepless 
speed changes from in-plant a-c. power. Jog, reverse, 
and braking functions are available for more flexibility. 
The fractional V*S Jr. is available from % thru % hp. 
in all enclosures with standard or gearmotor, and is a 
new addition to the integral V*S Jr. line, 1 thru 4 hp. 


*1¢ hp. drive complete with motor, controls, and operators panel. 


For complete details contact your local 
Reliance representative or write today 


for this new illustrated bulletin D-2507. BT 


DOWered 
ae” 


— 


RELIANCE tncinttaine co. ° 
DEPT. 279A CLEVELAND 17, OHIO 


Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in principal cities 
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PRECISION COMPUTING RESOLVERS 


verter [te Resolver ua 


SIZE 8 FEEDBACK WINDING RESOLVERS 


These resolvers are designed for 
use with transistorized amplifiers 
and permit the solution of spheri- 
cal triangles in a size 8 cascaded 
resolver chain. 

Functions of the spherical tri- 
angle which can be produced are 
indicated in the schematic below. 
More complex trigonometric func- 
tions, as well as systems involving 
coordinate axis transformation, can 
be generated with the use of these 
resolvers. 

Accuracy: Functional error .1% 
or less; winding perp. +5’. Electri- 


SIZE 11 AMPLIFIERLESS RESOLVER 
FOR ANGULAR DATA TRANSMISSION 


cal characteristics: Input voltage 
15v400~ (stator); output voltage 
13.7v (rotor); phase shift (stator 


as primary) 20.5°; output voltage 


13.7v (compensator); Zro 234 + 
j596; Zso 244 + j548; Zcompensa- 
tor 237 + j553; max. null voltage 
1 mv/v. 





LAW OF COSINES 


CaS y=erns t ca + 
COS xX=COS D COS a COSX SIN X- 


Sin x cas | 
“4 


sin @ SINX COS @-sinD 


LAW OF SINES 


sinb sin AA= 
sinx sine 


LONG 4a-LONG D=AA 


SINAA COS 6 =O 
= BEARING 








SIZE 11 RESOLVER TRIMMED FOR 
ZERO PHASE SHIFT CONTAINS ALL 


COMPENSATION IN 2%” LENGTH 


These size 11 resolvers incorporate an integral 
transformer which simulates a resolver function 
at maximum coupling. They are used in the typical 
chain application indicated below for angular data 
transmission. In this particular application, the 
output information can be servoed at either end 
of the chain. 
Quick disconnect allows ease in harnessing. 
Accuracy: +5’ of arc or less; winding perp. 
+5’. Electrical characteristics: Input to EITHER 
rotor or stator. Input voltage 115v1600~; output 
voltage 110v both stator and rotor as primary; 
phase shift (stator 
primary) 1.1°; phase 
shift (rotor primary) | *3- 
1.9°; Zso (nom.) 
990 + j13500; Zro ,, 
(nom.) 1150 + 
j13500. thee 


The YZC-11-E-1 precision 
computing resolver has been 
developed for use in a cas- 
caded, amplifierless resolver 
system at 900~. 

These units have been 
trimmed to provide zero phase 
shift and compensated for 
transformation ratio stability, 
under temperature, when 
working into their iterative 
impedance. 

Accuracy: Functional error 
-1% or less; winding perp. 
+5’. Electrical characteris- 
tics: Input voltage (stator) 
40v900 ~; output voltage 
(rotor) 33.2v; phase shift 0; 
max. null voltage 1 mv/v. 

Also ready for delivery is 
an equivalent, compatible 
pancake resolver. By its use, 
differential information from 
an inertial platform may be 
obtained and introduced into 
the system. 


Sales Office: 9014 Pare eae 
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